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herewith submits to the United States Designated/Elected Office (DO/EO/US) the following items and other information; 

This is a FIRST submission of items concerning a filing under 35 U.S.C. 371 . 

This is a SECOND or SUBSEQUENT submission of items conceming a filing under 35 U.S.C. 371. 

This is an express request to begin national examination procedures (35 U.S.C. 371(f)) at any time rather than delay 
examination until the expiration of the applicable time limit set in 35 U.S.C. 371(b) and PCT Articles 22 and 39(1). 

A proper Demand for International Preliminary Examination was made by the 19th month from the earliest claimed priority date. 

A copy of the International Application as filed (35 U.S.C. 371 (c) (2)) 

a. □ is transmitted herewith (required only ifnot transmitted by the International Bureau). 

b. K! has been transmitted by the International Bureau. 

c. □ is not required, as the application was filed in the United States Receiving Office (RO/US). 
A translation of the International Application into English (35 U.S.C. 371 (c)(2)). 

A copy of the International Search Report (PCT/ISA/210). 

Amendments to the claims of the International Application under PCT Article 19 (35 U.S.C. 371 (c)(3)) 

a. □ are transmitted herewith (required only ifnot transmitted by the Intemational Bureau). 

b. □ have been transmitted by the Intemational Bureau. 

c. □ have not been made; however, the time limit for making such amendments has NOT expired. 

d. S have not been made and will not be made. 

A translation of the amendments to the claims under PCT Article 19 (35 U.S.C. 371(c)(3)). 

An oath or declaration of the inventor(s) (35 U.S.C. 371 (c)(4)). 

A copy of the Intemational Preliminary Examination Report (PCT/IPE A/409). 

A translation of the annexes to the Intemational Preliminary Examination Report under PCT Article 36 
(35 U.S.C. 371 (c)(5)). 
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U.S. APPLICATION 



:ATI0N no. (IF KNOWN, SESJ7 

nq/ 787 923 



CFR 



INTERNATIONAL APPLICATION NO. 
PCT/FR99/02329 



ATTORNEY'S DOCKET NUMBER 

205399USOXPCT 



21 . The following fees are submitted:. > 

BASIC NATIONAL FEE ( 37 CFR 1.492 (a) (1) - (5)) : 

□ Neither international preliminary examination fee (37 CFR 1 .482) nor 
international search fee (37 CFR 1.445(a)(2) paid to USPTO 
and International Search Report not prepared by the EPO or IPO 



□ 



□ 



□ 



International preliminary examination fee (37 CFR 1 .482) not paid to 
USPTO but Intemation Search Report prepared by the EPO or JPO 

International preliminary examination fee (37 CFR 1 .482) not paid to USPTO 
but international search fee (37 CFR 1.445(a)(2)) paid to USPTO 

International preliminary examination fee paid to USPTO (37 CFR 1.482) 
but all claims did not satisfy provisions of PCT Article 33(l)-(4) 



International preliminary examination fee paid to USPTO (37 CFR 1.482) 
and all claims satisfied provisions of PCT Article 33(l)-(4) 



$1,000.00 
$S60.00 
$710.00 
$690.00 
$100.00 



ENTER APPROPRIATE BASIC FEE AMOUNT = 



CALCULATIONS PTO USE ONLY 



$860,00 



Surcharge of $130.00 for fumishing the oath or declaration later than 
months from the earliest claimed priority date (37 CFR 1.492 (e)). 



□ 20 



S 30 



S13G.00 



CLAIMS 



NUMBER FILED 



NUMBER EXTRA 



RATE 



Total claims 



20 = 



0 



X $18.00 



$0.00 



Independent claims 



- 3 = 



$80.00 



$0.00 



Multiple Dependent Claims (check if applicable). 



□ 



$0.00 



TOTAL OF ABOVE CALCULATIONS 



$990.00 



Reduction of 1/2 for filing by small entity, if applicable. Verified Small Entity Statement 
bust also be filed (Note 37 CFR 1 .9, 1 .27, 1 .28) (check if applicable). 



□ 



$0.00 



SUBTOTAL = 



$990.00 



Processing fee of $130.00 for flimishing the English translation later than □ 20 
months from the earliest claimed priority date (37 CFR 1.492 (f)). 



□ 30 



$0.00 



TOTAL NATIONAL FEE = 



$990.00 



Fee for recording the enclosed assignment (37 CFR 1 .2 1 (h)). The assignment must be 
accompanied by an appropriate cover sheet (37 CFR 3.28, 3.31) (check if applicable). 



□ 



so.oo 



TOTAL FEES ENCLOSED = 



$990.00 



Amount to be: 
refunded 



charged 



la A check in the amount of $990.00 

Q Please charge my Deposit Account No. 

A duplicate copy of this sheet is enclosed. 



to cover the above fees is enclosed. 



in the amount of 



to cover the above fees. 



3 The Commissioner is hereby authorized to charge any fees which may be required, or credit any overpayment 
to Deposit Account No. 15-0030 A duplicate copy of this sheet is enclosed. 

NOTE: Where an appropriate time limit under 37 CFR 1.494 or 1.495 has not been met, a petition to revive (37 CFR 
1.137(a) or (b)) must be filed and granted to restore the application to pending status. 

SEND ALL CORRESPONDENCE TO: 
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Surinder Sachar 
Registration No. 34,423 




SIGNATURE 
Norman F. Obion 



NAME 
24,618 



REGISTRATION NUMBER 
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DOCKET NO.: 205399US0XPCT 
IN THE UNITED STATES PATENT & TRADEMARK OFFICE 

IN RE APPLICATION OF: : 

Alain SANSON et al : ATTN: BOX SEQUENCE 

SERIAL NO: 09/787,923 : 

FILED: April 2, 2001 : 

FOR: CHEMICAL STRUCTURE HAVING: 

AN AFFINITY FOR A PHOSPHOLIPID 
AND LABELLING COMPOUND, 
DIAGNOSE KIT, AND DRUG COMPRISING 
THIS STRUCTURE 



PRELIMINARY AMENDMENT 

ASSISTANT COMMISSIONER FOR PATENTS 
WASHINGTON, D.C. 20231 

SIR: 

Responsive to the Official Correspondence dated July 16, 2001, and in accordance 
with the provisions of 35 U.S.C. §371, Applicants submit herewith amendments to the 
specification, a Sequence Listing, and a corresponding computer-readable Sequence Listing. 
Prior to examination on the merits, please amend the above-identified application as follows. 



IN THE SPECIFICATION 

Page 50 (Abstract), after the last line, beginning on a new page, please insert the 
attached Sequence Listing. 



REMARKS 

Claims 1-1 15 are active in the present application. 

Applicants have now submitted a Sequence Listing and a corresponding computer- 
readable Sequence Listing. Contents of the paper copy of the Sequence Listing and the 
computer-readable Sequence Listing are identical. Support for all the sequences listed in the 
Sequence Listing can be found in the present application. No new matter is introduced by the 
submission of the Sequence Listing and the computer-readable Sequence Listing. 

Applicants submit that the present application is now in condition for examination on 

the merits. Early notice to this effect is earnestly solicited. 

Respectfully submitted, 

OBLON, SPIVAK, McCLELLAND, 
MAIER & NEUSTADT, P.C. 

— 

Norman F. CyaXon 
Attorney of Record 
Registration No . : 24,6 1 8 

Daniel J. Pereira, Ph.D. 
Registration No.: 45,518 
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Tel: (703)413-3000 
Fax: (703) 413-2220 
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^I^^S^^pPLICATION OF: 



SERIAL NO: 09/787,923 



SANSON ET AL 



TN THF, TTNTTRD STATES PATENT & TRA DEMARK OFFICE 



: ATTN: APPLICATION DIVISION 



FILED: APRIL 2, 2001 



: EXAMINER: 



FOR: CHEMICAL STRUCTL^ HAVING: 

AN AFFINITY FOR A PHOSPHOLIPID 
AND LABELLING COMPOUND, DIAGNOSE 
KIT, AND DRUG COMPRISING THIS 
STRUCTURE 



Prior to examination on the merits, please amend the above-identified application as 
follows: 



Please amend the claims as follows: 

10. (Amended) The chemical structure according to Claim 1, wherein the platform is 
a portion of a domain of the annexin or of a modified domain of the annexin, comprising at 
least said residual ligands, RLl to RL6, having said functions LI to L6 for binding to the 
phospholipid respectively. 

15. (Amended) The chemical structure according to Claim 13, wherein M is a peptide 
consisting of 33 natural or non-natural amino acids. 



PRELI M I N ARY A M ENDMENT 



ASSISTANT COMMISSIONER FOR PATENTS 
WASHINGTON, D.C. 20231 



SIR: 



I N T HE CLAI MS 



19. (Amended) The chemical structure according to Claim 13, further comprising a 
calcium site where the calcium ion is complexed by this site forms one of the ligands of the 
negatively charged phospholipid. 

20. (Amended) The chemical structure according to Claim 1 , said structures having 
an affinity for a phospholipid selected from a phosphatidylserine, a 
phosphatidylethanolamine, a phosphatidylinositol, a phosphatidic acid, and a cardiolipid. 

21 . (Amended) A chemical assembly having an affinity for a phospholipid, 
cheiracterized in that it comprises at least two identical or different chemical structures 
selected from the group consisting of A, B, C, D and E where A is a chemical structure with 
an affinity for a phospholipid, consisting of at least a chemical platform U, V, W, X, Y, Z 
including six residues RLl, RL2, RL3, RL4, RL5, RL6 supporting a set of chemical 
functions which may bind to said phospholipid, called, LI, L2, L3, L4, L5, L6 respectively, 
wherein these chemical functions L define the affinity of said structure for said phospholipid, 
said structure having one of the following constructions (I), (II) and (III): 




a) 




wherein U, U^ U^, V, W, W^, X, Y, Z are independently a natural or non-natural 
amino-acid, a peptide consisting of natural or non-natural atnino-acids, a carbon chain, or 
carbon cyclic group(s). 



wherein RLl to RL6 are selected from molecules having the binding chemical 
ftmctions LI to L6, respectively, wherein said chemical functions comprise either at least a 
positive charge, donor of a hydrogen bond, or at least a negative charge, acceptor of a 
hydrogen bond, and 

wherein U, IJ\ V, W, W\ W^ X, Y, Z are such that RL6 and RLl are distant from 
0.65 to 0.95 nm, L6 and LI are distant from 0.65 to 0.9 nm, RLl and RL2 are distant from 
0.45 to 0.65 nm, LI and L2 are distant from 0.4 to 0.55 nm, RL2 and RL3 are distant from 
0.5 to 1 .05 nm, L2 and L3 are distant from 0.4 to 0.6 nm, RL3 and RL4 are distant from 0.5 
to 0.8 nm, L3 and L4 are distant from 0.35 to 0.5 nm, RL4 and RL5 are distant from 0.45 to 

0. 75 nm, and L4 and L5 are distant from 0.4 to 0.55 nm, RL5 and RL6 are distant from 0.4 to 
1 .2 nm, L5 and L6 are distant from 0.4 to 0.6 nm, where B is a chemical structure with an 
affinity for a phospholipid, consisting of at least a chemical platform a, a', b, b', c, d, e, f, g, h, 

1, j, k, 1 including 1 1 residues, LRl, LR2, LR3, LR4, LR5, RL6, RCal, RCa2, RCa3, RCa4 
and RCa5 supporting a set of chemical fimctions which may bind to said phospholipid called 
LI, L2, L3, L4, L5, L6, respectively, and a set of chemical functions binding to a calcium 
atom called LCal, LCa2, LCa3, LCa4, LCa5, respectively, wherein these chemical functions 
RLl to RCa5 define the affinity of said structure for said phospholipid, said structure having 
one of the following constructions (IV), (V) and (VI): 
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(V) 




(VI) 

wherein a, a', b, b', c, d, e, f, g, h, i, j, k, 1, are independently a natural or non-natural 
amino acid, a peptide consisting of natural or non-natural amino acids, a carbon chain, or 
carbon cyclic group(s), 

wherein RLl to RL6 and RCal to RCa5 are selected from molecules having chemical 
binding functions LI to L6 and LCal to LCa5, respectively, wherein said chemical functions 
LI to L6 comprise either at least a positively charged donor of a hydrogen bond, or at least a 
negatively charged acceptor of a hydrogen bond, said chemical functions LCal to LCa5 
comprising an oxygen atom, and 

wherein a in the structures of construction (IV) and (V) is such that RL6 and RCa5 are 
distant from 0 to 0.35 rmi and such that L6 and LCa5 are distant from 0 to 0.3 nm, b in the 
structures of construction (IV) and (V) is such that RCa5 and RCa4 are distant from 0 to 0.35 
nm and such that LCa5 and LCa4 are distant from 0.2 to 0.3 nm, b' in the structure of 
construction (VI) is such that RL6 and RCa4 are distant from 0 to 0.35 nm and such that L6 
and LCa4 are distant from 0 to 0.35 nm, c and d are such that RCa4 and RCa3 are distant 
from 0.5 to 0.9 nm, LCa4 and LCa3 are distant from 0.2 to 0.4 tun, RCa3 and RCa2 are 



distant from 0.35 to 0.6 nm, and LCa3 and LCa2 are distant from 0.22 to 0.3 rnn, e, f, g, in 
the structures of construction (IV), (V), (VI) are such that RLl and RL2 are distant from 0.45 
to 0.65 nm, RCal to RCa2 are distant from 0.4 to 0.55 nm, LI and L2 are distant from 0.4 to 
0.55 nm and LCal and LCa2 are distant from 0.3 to 0.4 nm, h, i, j and k are such that RL2 
and RL3 are distant from 0.5 to 1.05 nm, L2 and L3 are distant from 0.4 to 0.6 ran, RL3 and 
RL4 are distant from 0.5 to 0.8 nm, L3 and L4 are distant from 0.35 to 0.5 nm, RL4 and RL5 
are distant from 0.45 to 0.75 nm, L4 and L5 are distant from 0.4 to 0.55 nm, RL5 and RL6 
are distant from 0.4 to 1.2 nm, and L5 and L6 are distant from 0.4 to 0.6 nm, a' in the 
structure of construction (VI) is such that RL5 and RL6 are distant from 0.4 to 1.2 nm and 
such that L5 and L6 are distant from 0.4 to 0.6 nm, and b' in the structure of construction (VI) 
is such that RL6 and RCa4 are distant from 0 to 0.35 nm and such that L6 and LCa4 are 
distant from 0 to 0.35 nm, wherein the structure may either be closed or open at a and/or at h, 
where C is a chemical structure with an affinity for a phospholipid, characterized in that it 
comprises a molecule with the following formula (VII): 

RLl -N'-RL2-M-RL3-N'-RL4-N'-RL5-RL6 (VII) 

wherein to each independently represent 1 to 4, independently selected, natural 
or non-natural, amino acids and wherein M is a peptide consisting of 1 to 100 natural or non- 
natural amino acids 

wherein RLl, RL2, RL3 and RL6 are independently selected from Lys, Arg or Om; 
RL4 is independently selected from Asp or Glu; and RL5 is independently selected from Ser, 
Thr, Asp, or Glu, wherein said structure is linear or cycUc, where D is a chemical structure 
with an affinity for a phospholipid, characterized in that it comprises at least a portion of a 
peptide sequence selected from ID No.l sequence shown in Fig. 6a, ID No. 2 sequence 



shown in Fig. 6b, ID No.3 sequence shown in Fig. 6c, and ID No.4 and No.5 sequences 
shown in Fig. 6d or a modified sequence of the latter, where E is a chemical structure with an 
affinity for a negatively charged phospholipid, characterized in that it comprises a cyclic 
peptide sequence of the following formula (VIII): 

I ' I 

Gly-RL1-Phe-RL2-P^-Gly-Tyr-P^-RL3-P^-RL4-Q^-RL5-Trp-RL6 

(VIII) 

wherein RLl and RL6 are independently selected from Lys, Om and Arg; RL2 and 
RL3 are Arg; RL4 and RL5 are independently selected from Asp and Glu; 

wherein P', P^ and P^ are independently selected from Ser and Thr; wherein is 
selected from Gly and Met, said structures being bound. 

22. (Amended) A chemical assembly according to claim 21, wherein at least selected 
from the group consisting of A, B, C, D and E. 

23. (Amended) A method for producing a chemical structure as defined in Claim 10, 
preparing a cDNA comprising a coding sequence of bases for said chemical structure, 
inserting the cDNA in an appropriate expression vector, fransforming an appropriate host cell 
for repUcating the plasmid and producing said structure by translation of said cDNA. 

26. (Amended) The method according to claim 23, wherein the appropriate host cell 
isE. Coli. 

11. (Amended) A pharmaceutical composition comprising a chemical structure as 
defined in Claim 1. 



28. (Amended) A pharmaceutical composition comprising a chemical assembly as 
defined in Claim 21. 

29. (Amended) A method of treating a thrombosis, tumor or inflammation with the 
pharmaceutical composition claimed in Claim 27. 

30. (Amended) A method for producing a material for covering thrombogenic 
biomaterial comprising incorporating a structure as claimed in Claim 1 . 

3 1 . (Amended) A labelling compound comprising a structure as defined in Claim 1 
coupled with a labelling molecule. 

32. (Amended) A labelling compound comprising an assembly as defined in claim 
21 coupled with a labelling molecule. 

33. (Amended) The compound according to claim 31, wherein the labelling molecule 
is selected from a fluorescent molecule, an avidin-biotin complex, a radioelement, and a 
paramagnetic compound. 

34. (vVmended) A diagnostic kit comprising a compound according to Claim 31. 

36. (Amended) A kit for analyzing and detecting negative charges at the surface of 
cells, comprising a structure according to Claim 1, coupled with a tracer. 

37. (Amended) A kit for analyzing and detecting negative charges at the surface of 
cells, comprising an assembly according to Claim 21, coupled with a tracer. 

38. (Amended) A kit for analyzing and detecting micro vesicles in blood at the 
siu-face of cells, comprising a structure according to Claim 1 , coupled with a tracer. 

39. (Amended) A kit for analyzing and detecting micro vesicles in blood at the 
surface of cells, comprising an assembly according to Claim 21, coupled with a tracer. 

Please add new Claims 40-115 as follows: 



40. (New) The chemical structure according to any of claim 2, wherein the platform 
is a portion of a domain of the annexin or of a modified domain of the armexin, comprising at 
least said residual ligands, RLl to RL6, having said functions LI to L6 for binding to the 
phospholipid respectively. 

41 . (New) The chemical structure according to claim 40, wherein the armexin 
domain is selected from the domain 1 of annexin V shown in Fig. 6b, domain 2 of annexin I 
shown in Fig. 6a, domain 2 of armexin III shown in Fig. 6c and domain 1 and 2 of annexin 
IV shown in Fig. 6d. 

42. (New) The chemical structure according to claim 41, wherein the residual 
ligands RLl to RL6 respectively are either the residues Arg25, Lys29, Arg63, Asp68, Ser71 
and Glu72 of domain 1 of annexin V shown in Fig. 6b or residues Argl24, Lysl28, Argl62, 
Asp 167, Serl70 and Aspl71 of domain 2 of annexin I shown in Fig. 6a, or residues LyslOO, 
Lysl04, Lysl38, Aspl43, Serl46 and Glul47 of domain 2 of annexin III shown in Fig. 6c, 
or residues Arg96, LyslOl, Argl35, Aspl40, Serl43 and Aspl44 of domain 2 of annexin IV 
shown in Fig. 6d, or residues Arg24, Lys28, Arg62, Asp67, Ser70 and Glu71 of domain 1 of 
annexin IV shown in Fig. 6d. 

43. (New) The chemical structure according to claim 17, further comprising a 
calcium site where the calcium ion is complexed by this site forms one of the ligands of the 
negatively charged phospholipid. 

44. (New) The chemical structure according to Claim 2, said structures having an 
affinity for a phospholipid selected from a phosphatidylserine, a phosphatidylethanolamine, a 
phosphatidylinositol, a phosphatidic acid, and a cardiolipid. 
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45. (New) The chemical structure according to Claim 13, said structures having an 
affinity for a phospholipid selected firom a phosphatidylserine, a phosphatidylethanolamine, a 
phosphatidylinositol, a phosphatidic acid, and a cardiolipid. 

46. (New) The chemical structure according to Claim 17, said structures having an 
affinity for a phospholipid selected from a phosphatidylserine, a phosphatidylethanolamine, a 
phosphatidylinositol, a phosphatidic acid, and a cardiolipid. 

47. (New) The chemical structure according to Claim 18, said structures having an 
affinity for a phospholipid selected from a phosphatidylserine, a phosphatidylethanolamine, a 
phosphatidyHnositol, a phosphatidic acid, and a cardiolipid. 

48. (New) A method for producing a chemical structure as defined in Claim 11, 
comprising preparing a cDNA comprising a coding sequence of bases for said chemical 
structure, inserting the cDNA in an appropriate expression vector, transforming an 
appropriate host cell for rephcating the plasmid and producing said structure by franslation of 
said cDNA. 

49. (New) A method for producing a chemical structure as defined in Claim 12, 
comprising preparing a cDNA comprising a coding sequence of bases for said chemical 
structure, inserting the cDNA in an appropriate expression vector, transforming an 
appropriate host cell for rephcating the plasmid and producing said structure by franslation of 
said cDNA. 

50. (New) A method for producing a chemical structure as defined in Claim 13, 
comprising preparing a cDNA comprising a coding sequence of bases for said chemical 
structure, inserting the cDNA in an appropriate expression vector, fransforming an 
appropriate host cell for rephcating the plasmid and producing said structure by translation of 
said cDNA. 
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5 1 . (New) A method for producing a chemical structure as defined in Claim 17, 
comprising preparing a cDNA comprising a coding sequence of bases for said chemical 
structure, inserting the cDNA in an appropriate expression vector, transforming an 
appropriate host cell for replicating the plasmid and producing said structure by translation of 
said cDNA. 

52. (New) A method for producing a chemical structure as defined in Claim 18, 
comprising preparing a cDNA comprising a coding sequence of bases for said chemical 
structure, inserting the cDNA in an appropriate expression vector, transforming an 
appropriate host cell for replicating the plasmid and producing said structure by translation of 
said cDNA. 

53. (New) A method for producing a chemical structure as defined in Claim 48, 
characterized in that it comprises steps consisting of preparing a cDNA comprising a coding 
sequence of bases for said chemical structure, inserting the cDNA in an appropriate 
expression vector, transforming an appropriate host cell for replicating the plasmid and 
producing said structure by translation of said cDNA. 

54. (New) A method for producing a chemical structure as defined in Claim 49, 
comprising preparing a cDNA comprising a coding sequence of bases for said chemical 
structure, inserting the cDNA in an appropriate expression vector, transforming an 
appropriate host cell for replicating the plasmid and producing said structure by translation of 
said cDNA. 

55. (New) A method for producing a chemical structure as defined in Claim 50, 
comprising preparing a cDNA comprising a coding sequence of bases for said chemical 
structure, inserting the cDNA in an appropriate expression vector, transforming an 



- 12- 



appropriate host cell for replicating the plasmid and producing said structure by translation of 
said cDNA. 

56. (New) A method for producing a chemical structure as defined in Claim 51, 
comprising preparing a cDNA comprising a coding sequence of bases for said chemical 
structure, inserting the cDNA in an appropriate expression vector, transforming an 
appropriate host cell for replicating the plasmid and producing said structure by translation of 
said cDNA. 

57. (New) A method for producing a chemical structure as defined in Claim 52, 
comprising preparing a cDNA comprising a coding sequence of bases for said chemical 
structure, inserting the cDNA in an appropriate expression vector, transforming an 
appropriate host cell for replicating the plasmid and producing said structure by translation of 
said cDNA. 

58. (New) The method according to Claim 48, wherein the vector is a pGEX-2T 

vector. 

59. (New) The method according to Claim 49, wherein the vector is a pGEX-2T 

vector. 

60. (New) The method according to Claim 50, wherein the vector is a pGEX-2T 

vector. 

61. (New) The method according to Claim 51, wherein the vector is a pGEX-2T 

vector. 

62. (New) The method according to Claim 52, wherein the vector is a pGEX-2T 

vector. 

63. (New) The method according to claim 48, wherein the appropriate host cell is E. 

Coli. 
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64. (New) The method according to claim 49, wherein the appropriate host cell is E. 

Coli. 

65. (New) The method according to claim 50, wherein the appropriate host cell is E. 

Coli. 

66. (New) The method according to claim 51, wherein the appropriate host cell is E. 

Coli. 

67. (New) The method according to claim 52, wherein the appropriate host cell is E. 

Coli. 

68. (New) A pharmaceutical composition comprising a chemical structure as defined 
in Claim 2 and an inert material. 

69. (New) A pharmaceutical composition comprising a chemical structure as 
defined in Claim 13 and an inert material. 

70. (New) A pharmaceutical composition comprising a chemical structure as defined 
in Claim 17 and an inert material. 

71. (New) A pharmaceutical composition comprising a chemical structure as defined 
in Claim 1 8 and an inert material. 

72. (New) A pharmaceutical composition comprising a chemical structure as defined 
in Claim 22 and an inert material. 

73. (New) Amethodoftreatingathrombosis, tumor or inflammation with the 
pharmaceutical composition claimed in Claim 68. 

74. (New) A method of treating a thrombosis, tumor or inflammation with the 
pharmaceutical composition claimed in Claim 69. 

75. (New) A method of treating a thrombosis, tumor or inflammation with the 
pharmaceutical composition claimed in Claim 70. 
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76. (New) A method of treating a thrombosis, tumor or inflammation with the 
pharmaceutical composition claimed in Claim 71. 

77. (New) A method of treating a thrombosis, tumor or inflammation with the 
pharmaceutical composition claimed in Claim 28. 

78. (New) A method of treating a thrombosis, tumor or inflammation with the 
pharmaceutical composition claimed in Claim 72. 

79. (New) A method for producing a material for covering thrombogenic biomaterial 
comprising incorporating a structure as claimed in Claim 2. 

80. (New) A method for producing a material for covering thrombogenic biomaterial 
comprising incorporating a structiire as claimed in Claim 13. 

8 1 . (New) A method for producing a material for covering thrombogenic biomaterial 
comprising incorporating a structure as claimed in Claim 17. 

82. (New) A method for producing a material for covering thrombogenic biomaterial 
comprising incorporating a structure as claimed in Claim 18. 

83. (New) A labelling compomd comprising a structure as defined in Claim 2 
coupled with a labelling molecule. 

84. (New) A labelling compound comprising a structure as defined in Claim 13 
coupled with a labelling molecule. 

85. (New) A labelling compound comprising a struct\u:e as defined in Claim 17 
coupled with a labelling molecule. 

86. (New) A labelling compound comprising a structure as defined in Claim 18 
coupled with a labelling molecule. 

87. (New) A labelling compound comprising an assembly as defined in claim 22 
coupled with a labelling molecule. 
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88. (New) The compound according to Claim 83, wherein the labelling molecule is 
selected from a fluorescent molecule, the avidin-biotin complex, a radioelement, and a 
paramagnetic compound. 

89. (New) The compound according to Claim 84, wherein the labelling molecule is 
selected from a fluorescent molecule, the avidin-biotin complex, a radioelement, and a 
paramagnetic compound. 

90. (New) The compound according to Claim 85, wherein the labelling molecule is 
selected from a fluorescent molecule, the avidin-biotin complex, a radioelement, and a 
paramagnetic compound. 

91 . (New) The compound according to Claim 86, wherein the labelling molecule is 
selected from a fluorescent molecule, the avidin-biotin complex, a radioelement, and a 
paramagnetic compound. 

92. (New) The compound according to Claim 32, wherein the labelling molecule is 
selected from a fluorescent molecule, the avidin-biotin complex, a radioelement, and a 
paramagnetic compound. 

93. (New) The compound according to Claim 87, wherein the labelling molecule is 
selected from a fluorescent molecule, the avidin-biotin complex, a radioelement, and a 

paramagnetic compound. 

94. (New) A diagnostic kit comprising a compound according to Claim 83. 

95. (New) A diagnostic kit comprising a compound according to Claim 84. 

96. (New) A diagnostic kit comprising a compound according to Claim 85. 

97. (New) A diagnostic kit comprising a compound according to Claim 86. 

98. (New) A diagnostic kit comprising a compound according to Claim 32. 

99. (New) A diagnostic kit comprising a compound according to Claim 87. 
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100. (New) The diagnostic kit according to Claim 94, further comprising an 
adequate reagent enabhng said labelling molecule to be detected. 

101 . (New) The diagnostic kit according to Claim 95, further comprising an 
adequate reagent enabling said labelling molecule to be detected. 

102. (New) The diagnostic kit according to Claim 96, further comprising an 
adequate reagent enabling said labelling molecule to be detected. 

103. (New) The diagnostic kit according to Claim 97, fiirther comprising an 
adequate reagent enabling said labelling molecule to be detected. 

104. (New) The diagnostic kit according to Claim 99, further comprising an 
adequate reagent enabhng said labelling molecule to be detected. 

105. (New) The diagnostic kit according to Claim 99, further comprising an 
adequate reagent enabling said labelling molecule to be detected. 

106. (New) A kit for analyzing and detecting negative charges at the surface of cells, 
comprising a structure according to Claim 2, coupled with a tracer. 

107. (New) A kit for analyzing and detecting negative charges at the surface of cells, 
comprising a structure according to Claim 13, coupled with a tracer. 

108. (New) A kit for analyzing and detecting negative charges at the surface of cells, 
comprising a structure according to Claim 17, coupled with a tracer. 

109. (New) A kit for analyzing and detecting negative charges at the surface of cells, 
comprising a structure according to Claim 18, coupled with a tracer. 

110. (New) A kit for analyzing and detecting negative charges at the surface of cells, 
comprising an assembly according to Claim 22, coupled with a tracer. 

111. (New) A kit for analyzing and detecting microvesicles in blood at the surface of 
cells, comprising a structure according to Claim 2, coupled with a tracer. 
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112. (New) A kit for analyzing and detecting micro vesicles in blood at the surface of 
cells, characterized in that it comprises a structure according to Claim 13, coupled with a 
tracer. 

113. (New) A kit for analyzing and detecting microvesicles in blood at the surface of 
cells, characterized in that it comprises a structure according to Claim 17, coupled with a 
tracer. 

114. (New) A kit for analyzing and detecting microvesicles in blood at the surface of 
cells, characterized in that it comprises a structure according to Claim 18, coupled with a 
tracer. 

115. (New) A kit for analyzing and detecting microvesicles in blood at the surface of 
cells, characterized in that it comprises an assembly according to Claim 22, coupled with a 
tracer. 



- 18 - 



RFMARKS 
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10. (Amended) The chemical structure according to [any of claims 1 to 9] Claim 1 , 
wherein the platform is a portion of a domain of the annexin or of a modified domain of the 
annexin, comprising at least said residual Ugands, RLl to RL6, having said functions LI to 
L6 for binding to the phospholipid respectively. 

15. (Amended) The chemical structure according to Claim 13 [or 14], wherein M is a 
peptide consisting of 33 natural or non-natural amino acids. 

19. (Amended) The chemical structure according to [any of claims 13 to 17] Claim 
11, further comprising a calcium site where the calcium ion is complexed by this site forms 
one of the hgands of the negatively charged phospholipid. 

20. (Amended) The chemical structure according to [any of the preceding claims] 
Claim 1 . said structures having an affinity for a phospholipid selected from a 
phosphatidylserine, a phosphatidylethanolamine, a phosphatidylinositol, a phosphatidic acid, 
and a cardiolipid. 

21 . (Amended) A chemical assembly having an affinity for a phospholipid, 
[characterized in that it comprises] com prising at least two identical or different chemical 
structures [defined in claims 1 to 20] sftler.teH fi-nm the group consisting of A . K C. D and E. 

where. A is R chemical structure with an affinity for a phospholinid. c onsisting of at 
least a chemical platform TI, V. W , X. Y. Z in c h iding six r e sidue s K T J . RL4. 

supporting set nf ch e micRl functions which mav bind to said phospholipid. 
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called, LI, T.2, L3, L4, L6 respectively, wherein these chemical functions L define the 
affinity of said structure for said phospholipid, said structure having one of the following 
constructions (I ), (II) and (I II): 
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wherein U, TJ^, U^, V, W, W', W^, X, Y, Z are independeTitly a natural or non-natural 
amino-acid, a peptide consisting of natural or non-natural amino-acids, a carbon chain, or 
carbon cyclic grQup(s), 

wh erein RLl to RL6 a re selected from molecules h av ing th e b inding chemical 
functions ^ A to L6, respectively, wherein said chemical functions comprise either at least a 
positive charge, donor of a hydrogen bond, or at least a negative charge, acceptor of a 
hydrogen bond, and 

wherein TT, Tl\ TT^ V, W, W', X, Y, Z are such that RT.6 and RT.l are distant from 
0.65 to 0.95 nm, T.6 and T.l are distant from 0.65 to 0.9 nm, RLl and RL2 are distant from 
0.45 to 0.65 nm, LI and L2 are distant from 0.4 to 0.55 nm, RL2 and RL3 are distant from 
0.5 to 1 .05 nm, L2 and T.3 are distant from 0.4 to 0.6 nm, RI3 and RL4 are distant from 0.5 
to 0.8 nm, L3 and L4 are distant from 0.35 to 0.5 nm, RI.4 and RT.5 are distant from 0.45 to 
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0.75 nm. and T4 and T.5 are Histant frnm 0,4 to 0. 55 nm . RT . 5 a nd RL 6 are distant from 0.4 to 
1 J. nm, T.5 and T,6 are distant from 0.4 to 0.6 nm. 

^vhpTR B is a chemical structnrR with an affinit y for a nhosph ollBid . oonpisting of at 
least a chem ical platform a, a', h. h'. c. d . a. f. g . h . 1 . i. \ . \ in clud i n? 1 1 residues , T.K1, LR2. 
T.T?^, T-R4. T.T?S, ^7.6. RC al ^ T?ra2. - R Ha^. -Rr,a4 and RCa5 sunporting a set of chemical 
fimctions which may hind to said phosp holipid ca ll ed T,1 ■ T2 . L 3 . 14 , T,5 . T,6. respectively, 
and a set of chemical fiinctions h i nding to a calcium atom called LCal ■ T.Ca2 . T,Ca3. LCa4. 
T ,r.aS. respectively, wherein these chemical fiinc t i o n s RT . 1 t o RCa5 defin e the affinity of said 
stnictnre for said phosphohp id , said s tmctiire having one of the followiTIg COnstniCtions (TV). 
(V) and fVn: 



wherein a^ a', h, h', c, d, e, f, g , h. i. j. 1, are independently a natural ornon-n atural 
amino acid, a peptide c onsistin g of natural or non-natura l amino ac ids. a carho n chain , or 
carhon cyclic group(s). 




(IV) 
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wVip.rp.in T?T.1 to T?T,6 and RCal to T^Ca5 a re sftlected from molecules having chemical 
binding functions T.I to T.6 and T.Cal to J.Ca5 , rpspectively, wherein said chemica l functions 
T.I to T.6 compriRP either at least a p o sitively charged donor of a hydrogen hond . or at least a 
negatively charged acceptor of a hydrogen bond, sai d c h e mi cal functi ons LCal to LCa5 
comprising an oxygen atom, and 

whprpin a in the .stnictnres of constnicti o n ( W) a n d f V ) is such t hat R T /6 and RCa5 are 
distant from 0 to 0.35 nm and such that T.6 and T , Ca5 a r e d istant fi-pm 0 to 0 . 3 nm. h in the 
structures of construction (TV) and (V) is such that RCa5 and RCa4 are dis tant from 0 to 0.35 
nm and snch that T.CaS and T.Ca4 are distant fro m 0 . 2 t o 0 . 3 nm . h ' in th e stnicture of 
constniction (VT) is such that RT.6 and RCa4 are d i st a n t fr o m 0 t o 0.3 5 nm and SUCh that L6 
and T.r.a4 are distant from 0 to 0.35 nm, c and d are snch that RCa4 and RCa3 are distant 
from 0.5 to n.9 nm, T.Ca4 and T.Ca3 are distant from 0.2 to 0.4 nm. RCa3 and RCa2 are 
distant from 0 3S to 0.6 nm ^ and T.Ca3 and T.Ca2 are distan t from 0.22 tO 0.3 nm. e . f. g. in 
the stnictures of constniction rTV;^. (V). (Vft ar e snch that RT.1 and RT.2 are distant from 0.45 
to 0.6^ nm , RCal to RCa?. are, distant from 0.4 to 0 . 55 nm . T . T a nd L2 are d istant from 0.4 tO 
0.55 nm and T.r.al and T.ra2 are dist ant from 0.3 to 0.4 nm. h. i. i and k are SUCh that RL2 
and RT.3 are distant from 0.5 to 1 .05 nm. T.2 and T,3 are distant from 0.4 to 0 . 6 nm. RL3 and 
RT.4 are distant from 0.5 to 0.9, nm. T.3 and T-4 ar e distant from 0 . 35 to 0.5 n m. R T 4 and RL5 
are distant from OAS to 0 75 nm. T.4 and T.5 are distant from 0.4 to 0.55 n m. RT,5 and RL6 
are distant from 0.4 to 1 .2 nm. and T,.5 and T.6 ar e dis ta n t from 0 .4 to 0 .6 nm. a' in the 
stnicture of constniction (VT) is such that RT..5 and RT.6 are distant from 0,4 to 1 ,2 nm and 
such that T. 5 and T.6 are distant from 0 4 to 0.6 n m, and h' in the structure of construction (YD 
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if:; such that and RCa4 are distant from 0 to 0.35 nm and such that T.6 and LCa 4 are 
distant from 0 to 0.35 nm, wherein the stnicture may either he closed or open at a and / o r at h. 

where C is a chemical structure with an affinity for a phospholipid comprising a 
molecule with the following formula (VII): 

RT ,1 -N^-RT ,2-M-RJ 3-N^-RT.4-N^-RT .5-RL6 (YII) 

wherein N' to each independently represent 1 to 4, independently selected, natural 
or non-natural, amino acids and wherein M is a pep tide consisting of 1 to 100 natural or non- 
natural amino acids 

wherein RT.1 . RT,2, RT.3 and RT,6 are independently selected from T.vs. Arg or Om: 
RT4 is independently selected from Asp or Glu; and RI.5 is independently selected from Ser. 
Thr, Asp, or Gin, wherein said stnicture is linear or cyclic. 

where D is a chemical stnicture with an affinity for a phospholipid, comprising at 
least aportion of a peptide sequence selected from TP No.l sequence shown in Fig. 6a. TP 
No.2 sequence shown in Fig. 6h, TP No.3 sequence shown in Fig. 6c. and fP No.4 and No.5 
sequences shown in Fig. 6d or a modified sequence of the latter. 

where F is a chemical structure with an affinity for a negatively charged phospholipid, 
comprising a. cyclic p e ptide sequence of the following formula rVIID: 

wherein RLl and RF6 are independently selected from Lys. Om and Arg: RL2 and 
RL3 are Arg; RL4 and RF5 are independently selected from Asp and Glu: 

wherein V\ and are independe ntly selected from Ser and Thr: wherein O' is 
selected fr om Gly and Met. 

said structures being bound. 
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Gly — RLl— Phe ^RL2 — P -0^— Tyr— P^— RL3 — P^— RL4— Q^^ ^RL5 — Trp — RL6 

(VIII) 

22. (Amended) A chemical assembly according to claim [23] 21, wherein at least 
one of the chemical structures is [one of the chemical structures defined in claims 13 to 20] 
selected from the group consisting of A, B, C, D and E . 

23. (Amended) A method for producing a chemical structure as defined in [any of 
the preceding claims 10 to 20, characterized in that it comprises steps consisting of] Claim 
10, comprising preparing a cDNA comprising a coding sequence of bases for said chemical 
structure, inserting the cDNA in an appropriate expression vector, transforming an 
appropriate host cell for replicating the plasmid and producing said structure by translation of 
said cDNA. 

26. (Amended) The method according to claim 23, [24 or 25] wherein the 
appropriate host cell is E. Coli. 

27. (Amended) [A use of] A pharmaceutical composition comprising a chemical 
structure as defined in [claims 1 to 20 for preparing a drug] Claim 1 and an inert material . 

28. (Amended) [A use of] A pharmaceutical composition comprising a chemical 
assembly as defined in [claims 21 or 22 for preparing a drug] Claim 21 and an inert material . 

29. (Amended) [The use according to claim 27 or 28, wherein the drug is selected 
firom a drug for treating a thrombosis, a drug for treating a tumor, a drug with an anti- 
inflammatory action] A method of treating a thrombosis, tumor or inflammation with the 
pharmaceutical composition claimed in Claim 27. 
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30. (Amended) [A use of a structure as defined in claims 1 to 19] A method for 
producing a material for covering thrombogenic biomaterial comprising incoTporating a 
structure as claimed in Claim 1 . 

31. (Amended) A labelling compound [characterized in that it comprises] comprising 
a structure as defined in [claims 1 to 20] Claim 1 coupled with a labelling molecule. 

32. (Amended) A labelling compound [characterized in that it comprises] comprising 
an assembly as defined in claim 21 [or 22] coupled with a labelling molecule. 

33. (Amended) The compound according to claim 31 [or 32], wherein the labelling 
molecule is selected fi-om a fluorescent molecule, [the] an avidin-biotin complex, a 
radioelement, and a paramagnetic compound. 

34. (Amended) A [diagnose] diagnostic kit comprising a compound according to 
[any of claims 31 to 32] Claim 31 . 

36. (Amended) A kit for analyzing and detecting negative charges at the surface of 
cells, [characterized in that it comprises] comprising a structure according to [any of claims 1 
to 20] Claim 1 , coupled with a tracer. 

37. (Amended) A kit for analyzing and detecting negative charges at the surface of 
cells, [characterized in that it comprises] comprising an assembly according to [any of claims 
21 or 22] Claim 21 . coupled with a tracer. 

38. (Amended) A kit for analyzing and detecting microvesicles in blood at the 
surface of cells, [characterized in that it comprises] comprising a structure according to [any 
of claims 1 to 20] Claim 1 , coupled with a tracer. 

39. (Amended) A kit for analyzing and detecting microvesicles in blood at the 
surface of cells, [characterized in that it comprises] comprising an assembly according to [any 
of claims 21 to 22] Claim 21 , coupled with a tracer. 
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Claims 48-115 (New). 
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r.HEMICAL STRUCTURE HAVING AN AFFINITY FOR A 
PHOSPHOLIPID AND LABELLING COMPOUND. DIAGNOSE KIT, AND 
nRTTG COMPRISING THIS STRUCTURE 



Technical field 

The present invention relates to a chemical 
structure having an affinity for a phospholipid as well 
as to a detection molecule, to a conjugate and to a 
pharmaceutical composition comprising said structure. 

Generally speaking, the chemical structure of the 
present invention is useful for specific recognition of 
lipid vectors. It may be used for engineering and 
generation of compounds for recognizing and 
sequestrating lipids, notably negatively charged 
lipids, such as phosphatidylserine and/or phosphatidic 
acid. 

These lipids play an important role notably in 
ellular signaling and they may be present at the 
external surface of cell membranes and/or circulate in 
the blood medium following very diverse pathological 
events . 

Diverse cellular events result in the occurrence 
of phosphatidylserine (PS) at the external cell 
surface, whereby these events may result either from an 
accidental or pathological alteration of the cell, or 
from a programmed cellular event such as cell death or 
apoptosis. Occurrence of PS at the external surface of 
cells therefore forms an important "primary message" 
revealing the existence of a malfunction. In the case 
of a blood coagulation process, the mechanism is well 
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described: the alteration of the endothelial cells of 
the blood vessels, either for accidental reasons or for 
more complex pathological reasons, causes the 
occurrence of this PS message at the external surface 
5 of cells in contact with the blood medium. This message 
is immediately recognized by certain circulating 
proteins which then trigger a cascade of events 
resulting in the well-known blood coagulation 
phenomenon . 

10 The invention makes the most of the property of 

the structure which it provides of binding itself, 
whether in presence of calcium or not, to lipids and 
notably to negatively charged ones, for developing 
useable compounds as research, diagnose and therapeutic 

15 tools in the field of recognition of lipid effectors as 
a rule and of detection of apoptosis, blood coagulation 
disorders, of septic chock and in particular acute 
inflammatory pathologies. 

As regards research and diagnose, the structure of 

2 0 the invention may for example be coupled with detection 
molecules, for example a fluorescent molecule, the 
avidin-biotin complex, a short-lived radioelement or a 
paramagnetic compound. For instance, with these 
detection molecules, it is possible to detect apoptotic 

25 cells or to recognize negatively charged membrane 
microdomains . 

The structure of the present invention may 
therefore be used for "In vitro" detection of 
pathologies involving occurrence of negative charges at 

30 the surface of the cells and release of microvesicles 
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into the blood. 

The structure of the present invention may also be 
used when it is coupled for example with a short lived 
radioelement , for "in vitro" detection of thrombotic 
5 areas upon vascular, in particular cerebro-vascular 
accidents of any kind, by using imaging systems. This 
structure may further be used when it is coupled with a 
paramagnetic compound such as a gadolinium complex for 
"in vivo" detection of thrombotic, in particular brain 

10 areas, by using magnetic resonance imaging (MRI). 

As for therapeutics, generally speaking, the 
structure of the present invention may be used by 
itself or coupled with a therapeutic molecule in order 
to prepare a drug which may for example be used orally. 

15 For example, such a drug may be used for targeting this 
molecule towards areas having negative charges such as 
tumors having centers of apoptotic cells or 
inflammatory tumors. 

The structure of the present invention may for 

20 example be coupled with thrombolytic action molecules 
in order to prepare a drug which may be for example 
used orally as an anticoagulant in the treatment and 
prophylaxis of thrombosis or to prepare a molecule 
covering all thrombogenic biomaterials . The structure 

25 of the present invention may therefore be used for 
targeting thrombolytic molecules at the site of the 
thrombus or towards the thrombogenic areas . 

In another exemplary application of the present 
invention, the structure of the invention may be used 

30 by itself or coupled with an anti-inflammatory molecule 
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in order to prepare a drug which may be used orally, 
for example in acute pathologies like asthma, 
haemorrhagic rectocolitis (HRC), Crohn's disease, 
septic shock, collagenosis and arthritis. 

5 

State of the art 

A family of proteins, called annexins, have been 
described in the prior art as having reversible 
functional anchoring to the cell membrane, controlled 

10 by the calcium concentration and the presence of 
anionic phospholipids. Annexins form a protein family 
expressed in very diverse tissues, both in animals and 
in plants. It seems that they are neither expressed in 
bacteria nor in yeasts . 

15 The structure of annexins includes four domains of 

about 70 amino acids or residues, very fairly 
homologous in sequence but of a nearly identical 
topology . 

Appended Fig. lA is a diagram of the general 
20 topology of an annexin and appended Fig. IB is a 
diagram of the topology of a domain of annexin bearing 
a calcium site. In Fig. lA, C represents the C-terminal 
end of this protein, N represents the N- terminal end of 
this protein. Domains, noted as D1-D4, are associated 
25 in two modules, a covalent one D2D3, and the other, a 
non-covalent one D1D4. In Fig. IB, A represents a first 
a helix, B represents a third a helix, D represents a 
fourth a helix, E represents a fifth a helix and Ca 
represents the calcium atom. Association of these 
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helices forms the consensus structure for an annexin 
domain . 

Presently, their biological roles still remain 
undefined. 

5 In document WO 92/19279, J. Tait describes 

conjugates having an affinity for phospholipids. In 
particular, he describes the use of annexin, in 
particular annexin V, for producing an active conjugate 
usable as a thrombolytic agent. 

10 Unfortunately, the described conjugate in this 

document is prepared from entire annexin by a genetic 
recombination method. Consequently, a great number of 
drawbacks occur, notably a low yield, a high production 
cost and a fragile conjugate is obtained because of its 

15 complex protein portion. 

Description of the invention 

Specifically, the object of the present invention 
is to provide a chemical structure having a specific 

20 affinity with a phospholipid. The chemical structure of 
the invention notably has the advantage of being 
chemically stable and able to be produced in a 
reproducible way, with a high yield and very reduced 
production costs as compared with prior art compounds . 

25 The structure of the present invention is 

characterized in that it comprises at least a chemical 
platform U, V, W, X, Y including six residues RLl, RL2 , 
RL3, RL4, RL5, RL6 supporting a set of chemical 
functions which may bind to said phospholipid, called, 

30 LI, L2, L3, L4, L5 , L6 respectively, whereby these 
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chemical functions define at least partly the affinity 
of said structure for said phospholipid, said structure 
having one of the following constructions (I), (II) and 
(III): 

5 

DESSINS X 3 

Wherein U, uS U% V, W, w\ W% X, Y, Z are 
independently a natural or non-natural amino-acid, a 

10 peptide consisting of natural or non-natural amino- 
acids, a carbon chain, or carbon cyclic group(s), 

wherein RLl to RL6 are selected from the molecules 
having the binding chemical functions LI to L6, 
respectively, wherein said chemical functions comprise 

15 either at least a positively charged donor of a 
hydrogen bond, or at least a negatively charged 
acceptor of a hydrogen bond, and 

wherein U, \}\ U% V, W, W% X, Y, Z are such 

that RL6 and RLl are distant from 0.65 to 0.95 nm, L6 

20 and Ll are distant from 0.65 to 0.9 nm, RLl and RL2 are 
distant from 0.45 to 0.65 nm, Ll and L2 are distant 
from 0.4 to 0.55 nm, RL2 and RL3 are distant from 0.5 
to 1.05 nm, L2 and L3 are distant from 0.4 to 0.6 nm, 
RL3 and RL4 are distant from 0.5 to 0.8 nm, L3 and L4 

25 are distant from 0.35 to 0.5 nm, RL4 and RL5 are 
distant from 0.45 to 0.75 nm, and L4 and L5 are distant 
from 0.4 to 0.55 nm, RL5 and RL6 are distant from 0.4 
to 1.2 nm, L5 and L6 are distant from 0.4 to 0.6 nm. 

According to the invention, in the structure of 

30 constructions (I), (II) or (III), Ll, L2, L3 and L6 may 
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each have at least a positively charged donor of a 
hydrogen bond, and L4 and L5 may each have at least one 
negatively charged acceptor of a hydrogen bond. 

According to the invention, in the structure of 
5 construction (I), (II), or (III), U, V, W, X, Y and Z 
may be peptides consisting of natural or non-natural 
amino-acids, and RLl to RL6 are amino acids selected 
from a set comprising Lys, Arg, Orn, Ser, Thr, Asp and 
Glu, or analogs of the latter, LI to L6 are the charge- 
10 bearing functions of the side chains of said amino 
acids . 

According to the invention, in the structure of 
construction (I), (II) or (III), RLl to RL6 may be 
positioned in the space formed byU, V, W, X, Y, Z so 

15 that the chemical binding functions LI to L6 are 
directly accessible to the phospholipid, from their 
side chains respectively. 

According to the invention, the structures of 
construction (I), (II) or (III) may further comprise a 

20 calcium site where the calcium ion complexed by this 
site forms one of the ligands of the phospholipid. 

The present invention also provides a chemical 
structure which is characterized in that it comprises 
at least a chemical platform a, a', b, b', c, d, e, f, 

25 g, h, i, j, k, 1 including 11 residues, LRl, LR2 , LR3, 
LR4, LR5, RL6, RCal, RCa2 , RCa3 , RCa4 and RCa5 
supporting a set of chemical functions which may bind 
to said phospholipid, called LI, L2, L3, L4, L5, L6 
respectively and a set of chemical functions for 

30 binding a calcium atom called LCal, LCa2, LCa3, LCa4, 
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LCa5 respectively, wherein these chemical functions RLl 
to RCa5 define at least partly the affinity of said 
structure for said phospholipid, said structure having 
one of the following constructions (IV), (V) and (VI): 

DESSINS X 3 

wherein a, a', b, b' , c, d, e, f, g, h, i, j, k, 
1, are independently a natural or non-natural amino 
acid, a peptide consisting of natural or non-natural 
amino acids, a carbon chain, or carbon cyclic group(s), 
wherein LRl to LR6 and RCal to RCa5 are selected from 
molecules having chemical binding functions Ll to L6 
and LCal to LCa5 respectively, wherein said chemical 
functions Ll to L6 comprise either at least a 
positively charged donor of a hydrogen bond, or at 
least a negatively charged acceptor of a hydrogen bond, 
said chemical functions LCal to LCa5 comprising an 
oxygen atom, and 

wherein a in the structures of construction (IV) 
and (V) is such that RL6 and RCa5 are distant from 0 
to 0.35 nm and such that L6 and LCa5 are distant from 0 
to 0.3 nm, b in the structures of construction (IV) and 

(V) is such that RCa5 and RCa4 are distant from 0 
to 0.35 nm and such that LCa5 and LCa4 are distant 
from 0.2 to 0.3 nm, b" in the structure of construction 

(VI) is such that RL6 and RCa4 are distant from 0 
to 0.35 nm and such that L6 and LCa4 are distant from 0 
to 0.35 nm, c and d are such that RCa4 and RCa3 are 
distant from 0.5 to 0.9 nm, LCa4 and LCa3 are distant 
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from 0.2 to 0.4 nm, RCa3 and RCa2 are distant from 0.35 
to 0.6 nm, and LCaS and LCa2 are distant from 0.22 
to 0.3 nm, e, f, g, in the structures of construction 
(IV), (V), (VI) are such that RLl and RL2 are distant 
5 from 0.45 to 0.65 nm, RCal to RCa2 are distant from 0.4 
to 0.55 nm, LI and L2 are distant from 0.4 to 0.55 nm 
and LCal and LCa2 are distant from 0.3 to 0.4 nm, h, i, 
j and k are such that RL2 and RL3 are distant from 0 . 5 
to 1.05 nm, L2 and L3 are distant from 0.4 to 0.6 nm, 

10 RL3 and RL4 are distant from 0.5 to 0.8 nm, L3 and L4 
are distant from 0.35 to 0.5 nm, RL4 and RL5 are 
distant from 0.45 to 0.75 nm, L4 and L5 are distant 
from 0.4 to 0.55 nm, RL5 and RL6 are distant from 0.4 
to 1.2 nm, and L5 and L6 are distant from 0.4 

15 to 0.6 nm, a' in the structure of construction (VI) is 
such that RL5 and RL6 are distant from 0.4 to 1.2 nm 
and such that L5 and L6 are distant from 0.4 to 0.6 nm, 
and b' in the structure of construction (VI) is such 
that RL6 and RCa4 are distant from 0 to 0.35 nm and 

20 such that L6 and LCa4 are distant from 0 to 0.35 nm, 
whereby the structure may be either closed or open at a 
and/or h. 

When the preceding distances a, b, b' are 
indicated as being possibly zero, it is understood that 
25 the two sets (RL6-L6 and RCa5-LCa5) and/or both sets 
(RCa4-LCa4 and RCa5-LCa5) and or both sets (RL6-L6 and 
RCa4-LCa4) separately form a single and same set. 

The platforms according to the invention consist 
of a set of structural chemical groups which may 
30 comprise a sufficient number of cyclic groups in order 
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International Preliminary Exeimination Report 

to provide stiffness compatible with the affinity 

towards the phospholipid. 

The measured distances when RLs and RCas are amino 
acids, may be measured between the a carbon atoms of 
\these amino acids in the aforementioned structures (I) 
to (VI) . 

These structures may be synthesized by 
conventional synthesis methods of organic chemistry and 
of protein chemistry, by genetic recombination, by 

10 genetic engineering, etc. 

Examples of such structures are notably given in 
" Discovery of Sequence-Selective Peptide Binding by 
Synthetic Receptors Using Encoded Combinatorial 
Libraries", W.C. Still, Acc. Chem. Res., 1996, 29, 155- 

15 163 and in "Toward Synthetic Adrenaline Receptors: 
Strong, Selective and Biomimetic Recognition of 
Biologically Active Amino Alcohols by Bisphosphonate 
Receptors Molecules", T. Shrader, J. Org. Chem., 1998, 
63, 264-272. 

2 0 According to the invention, in the structure of 

construction (IV), (V) or (VI), Ll, L2 , L3 and L6 may 
each have at least a positively charged donor of a 
hydrogen bond, and L4, L5 , LCaS , LCa4, LCa3 , LCa2 and 
LiCal may each have at least a negatively charged 

2 5 acceptor of a hydrogen bond. 

According to the invention, in the structure of 
construction (I), (II), (III), RLl, RL2 , RL3 and RL6 
may be independently selected from Arg, Lys , Orn ; RL4 
may be independently selected from Asp or Glu ; and RLS 

3 0 may be independently selected from 
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English translation of the amended sheets of 
International Preliminary Examination Report 

Ser, Thr, Asp or Glu, whereby the side chains of these 

amino acids have chemical functions for binding to the 
phospholipids LI to L6, respectively. 

According to the invention, in the structure of 
5 construction (IV), (V) or (VI), a or a', b or b', c, d, 
e, f, g, h, i, j, k may be peptides consisting of 
natural or non-natural amino acids, and RLl to RL5 may 
be amino acids selected from a set comprising Lys , Arg, 
Orn, Ser, Thr, Asp and Glu, or analogs thereof, RL6 may 

10 be Asp or Glu or analogs of the latter, Ll to L6 and 
LCal to LCa5 may be the charge-bearing functions of the 
side chains of said amino acids, and RCal to RCa5 may 
be natural or non-natural amino acids . 

According to the invention, in the structure of 

15 constructions (IV) , (V) or {VI ) , the carbon atoms RLl 
to RL6 and RCal to RCa2 may be positioned in the space 
formed by a, b, c, d, e, f g, h, i, j and k so that the 
chemical binding functions Ll to L6 respectively and 
the positive charges of the calcium atom when the 

2 0 latter is bound to the bond functions LCal to LCa5, are 
directly accessible to the phospholipid. 

According to the invention, in the structure of 
construction (I), (II), (II), (IV), (V) or (VI) , at 
least a portion of the platform may be a portion of a 

25 domain of the annexin or of a modified domain of the 
annexin, comprising at least one of said residual 
ligands RLl to RL6, having said functions Ll to L6 
respectively for binding to the phospholipid. 

According to the invention, in the structure of 

30 construction (I), (II), (III), (IV), (V), or (VI), the 
platform may be a portion of a domain of the annexin or 
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a modified annexin domain, wherein said portion of the 
annexin domain comprises said residual ligands RLl to 
RL6 having said functions Ll to L6, respectively. 

According to the invention, the annexin domain is 
5 selected from the domain 1 of annexin V shown in 
Fig. 6b, domain 2 of annexin I shown in Fig. 6a, 
domain 2 of annexin III shown in Fig. 6c and domain 1 
and 2 of annexin IV shown in Fig. 6d. 

According to the invention, the residual ligands 

10 RLl to RL6 respectively may be either the residues 
Arg25, Lys29, Arg63, Asp68, Ser71 and Glu72 of domain 1 
of annexin V shown in Fig. 6b or residues Argl24, 
Lysl28, Argl62, Aspl67, SerlTO and Aspl71 of domain 2 
of annexin I shown in Fig. 6a, or residues LyslOO, 

15 Lysl04, Lysl38, Aspl43, Serl46 and Glul47 of domain 2 
of annexin III shown in Fig. 6c, or residues Arg97, 
LyslOl, Argl35, Aspl40, Serl43 and Aspl44 of domain 2 
of annexin IV shown in Fig. 6d, or residues Arg24, 
Lys28, Arg62, Asp67, Ser7 0 and Glu71 of domain 1 of 

20 annexin IV shown in Fig. 6d. 

The present invention also provides a chemical 
structure with an affinity for a phospholipid, 
characterized in that it comprises a molecule of the 
following formula (VII): 

25 

RL1-N^-RL2-M-RL3-N'-RL4-N^-RL5-RL6 
(VII) 

wherein to each independently represent 1 

to 4 independently selected, natural or non-natural, 
30 amino acids and wherein M is a peptide consisting of 1 
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to 100 natural or non-natural amino acids; 

wherein RLl, RL2 , RL3 and RL6 are independently 
selected from Lys, Arg or Orn; RL4 is independently 
selected from Asp or Glu; and RL5 is independently 
5 selected from Ser, Thr, Asp, or Glu, wherein said 
structure is linear or cyclic. 

According to the invention, may represent three 
amino acids, may represent four amino acids, and 
may represent two amino acids in the structure of 

10 formula VII. 

In the structure according to the invention, M may 
be for example a peptide consisting of 33 natural or 
non-natural amino acids. 

According to the invention, the structure of 
15 formula {VII ) may be a peptide sequence selected from 
the peptide sequence from Argl24 to Serl71 in the 
ID No.l sequence shown in Fig. 6a, the peptide sequence 
from Arg25 to Glu72 in the ID No. 2 sequence shown in 
Fig. 6b, the peptide sequence from LyslOO to Glul47 in 
20 the ID No. 3 sequence shown in Fig. 6c, the sequence 
from Arg24 to Glu71 in the ID No. 4 sequence shown in 
Fig. 6d, the sequence from Arg97 to Aspl44 in ID No. 5 
sequence shown in Fig. 6d, or a modified sequence of 
these sequences provided that RLl, RL2 , RL3 and RL6 are 
25 independently selected from Lys, Arg, or Orn; 

RL4 is independently selected from Asp or Glu, and 
RL5 is independently selected from Ser, Thr, Asp or 
Glu. 

The present invention also provides a chemical 
30 structure with an affinity for a phospholipid, 
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comprising at least a portion of a peptide sequence 
selected from ID No.l sequence shown in Fig. 6a, ID 
No. 2 sequence shown in Fig. 6b, ID No. 3 sequence shown 
in Fig. 6c, and ID No. 4 and No. 5 sequences shown in 
5 Fig. 6d or a modified sequence of the latter. 

The present invention also provides a chemical 
structure with an affinity for a negatively charged 
phospholipid, comprising a cyclic peptide sequence of 
the following formula (VIII): 

10 

Gly-RL1-Phe-RL2-P'-Gly-Tyr-P''-RL3-P'-RL4-Q'-RL5-Trp-RL6 

(VIII) 

wherein RLl and RL6 are independently selected 
15 from Lys, Orn and Arg; RL2 and RL3 are Arg; RL4 and RL5 
are independently selected from Asp and Glu; 

wherein P^, P^ and are independently selected 

from Ser and Thr; wherein is selected from Gly and 
Met. 

20 The aforementioned chemical structures may further 

comprise a calcium site where the calcium ion complexed 
by this site forms one of the ligands of the negatively 
charged phospholipid. The calcium site may be for 
example a calcium site analogous to the one of the 

25 annexins or phospholipids A2 . These calcium sites are 
known to one skilled in the art. 

According to the invention, all the aforementioned 
chemical structures may have an affinity for a 
phospholipid selected from a phosphatidylserine , a 

30 phosphatidylethanolamine, a phosphatidylinositol, a 
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phosphatidic acid, and a cardiolipid, the lipid 
chain(s) of the phospholipids may for example comprise 
from 4 to 23 carbon atoms. For example, the 
phospholipid may have a arachidonic acid chain, for 
5 example for phosphatidylserine. 

The present invention also provides a chemical 
assembly with an affinity for a phospholipid, 
comprising at least two of the chemical structures of 
the present invention, identical or different, wherein 
10 said structures are bound. 

For example, in a chemical assembly of the present 
invention, at least one of the chemical structures may 
be one of the peptide chemical structures described 
earlier. 

15 The assemblies according to the invention may 

therefore be composed for example of identical of 
different structures. For example, the assembly may be 
an appropriate covalent assembly of two structures 
according to the invention, for example domains 1 and 4 

20 according to the invention, of a same annexin. This 
assembly may for example, include a domain 4 according 
to the invention, modified by genetic engineering for 
the purpose of introducing a calcium and phospholipid 
site identical to the one of domain 1 of the invention. 

25 These domains may for example stem from annexins I 

and V. 

These assemblies may notably have the purpose of 
increasing the affinity of structures of the present 
invention, for the phospholipid, for example for a 
30 negatively charged phospholipid. For example they may 
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be made by inserting a flexible peptide bond, for 
example polyglycine, between the chemical structures of 
the invention. 

The structures and assemblies of the present 
5 invention exhibit an affinity for phospholipids, and 
notably for those that are negatively charged, better 
than 0.1 ^M. They may comprise a portion of an annexin 
or one of its derivatives. This annexin may be a 
natural annexin or a modified one by conventional 
10 chemistry or genetic engineering means. 

The present invention also provides a method for 
producing a chemical structure comprising the steps 
consisting of preparing a cDNA comprising a coding 
sequence of bases for said chemical structure, 
15 inserting the cDNA in an appropriate expression vector, 
transforming an appropriate host cell for replicating 
the plasmid and producing said structure by translation 
of said cDNA. 

According to the invention, in this method, the 
20 vector may be a plasmid, for example vector pGEX-2T. 

In the method according to the invention, the 
appropriate host cell may be E. Coll for example. 

For example, for producing the structure according 
to the invention, it is possible to start with domain 1 
25 of the annexin I and then modify the sequence in such a 
way that the RL residues defined earlier and possibly 
the RCa residues occur in the sequence. Thus, through 
conventional genetic engineering methods, a coding cDNA 
for the modified sequence may be produced and the 
30 structure of the present invention may be obtained very 
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easily. The structure according to the invention, when 
it exhibits at least a peptide portion, may also be 
produced by a conventional solid phase chemical 
synthesis method. 
5 An example of the modification of the sequence of 

domain 1 of the invention of annexin I may consist in 
replacing His52 with Arg, Met56 with Lys or Arg, Val57 
with Gly, Val60 with Thr, possibly Lys 90 with Arg, 
Thr95 with Asp, Lys98 with Ser or Thr, and Ala99 with 

10 Asp or Glu. These modifications may also be made on 
other domains. 

These modifications may notably have the role of 
increasing the general stability of the structure or of 
the domain as regards temperature, pH, and ionic 

15 conditions of the medium used; reducing its possible 
general toxicity properties towards human organism; 
increasing its affinity for negatively charged 
phospholipids; and increasing its general affinity for 
cell membranes . 

20 According to the invention, the modification of a 

domain may also have the role of developing the 
affinity of the structure for a, e.g. negatively 
charged, phospholipid, ; and even of restoring an 
affinity at least equal to that possessed by so-called 

25 wild annexin, in the absence of calcium. 

The modification may for example target the 
residue, the so-called Asp or Glu bidentate residue of 
calcium (RL6) of the domain(s) bearing a 
phosphatidylserine site, in order to replace them with 

30 one of the Lys or Orn residues. 
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Another modification, for example of domain 1 of 
annexin V, may consist in replacing Glu72 with Lys or 
Orn, and/or Thr33 with Lys or Orn. 

According to the invention, the chemical structure 
5 or assembly of the present invention may be used for 
preparing a drug. 

For example, the drug may be selected from a drug 
for treating a thrombosis, a drug for treating a tumor, 
a drug with an anti-inflammatory action. 
10 According to the invention, the chemical structure 

or assembly according to the invention may be coupled 
with a labelling molecule for forming a labelling 
compound . 

According to the invention, the labelling molecule 
15 may be selected for example from a fluorescent 
molecule, the avidin-biotin complex, a radioelement and 
a paramagnetic compound. 

The present invention also provides a diagnose kit 
comprising an aforementioned structure or assembly. 
20 This diagnose kit may for example further comprise 

an adequate reagent for detecting said labelling 
molecule . 

The present invention also provides an analysis 
and detection kit for negative charges at the surface 
25 of cells, characterized in that it comprises a chemical 
structure or assembly of the present invention. 

The present invention also provides an analysis 
and detection kit for microvesicles in blood, 
characterized in that it comprises a chemical structure 
30 or assembly of the present invention coupled with a 
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tracer . 

Other advantages and features of the present 
invention will further become apparent upon reading the 
illustrative and non-limiting examples which follow, 
5 with reference to the appended figures. 

Brief description of the figures 

- Fig. lA is a schematic representation of the 
general structure of annexins ; 

10 - Fig. IB is a schematic representation of the 

structure of a domain of an annexin including a calcium 
site; 

- Fig. 2 is diagram illustrating the insertion of 
coding cDNA for the chemical structure of the present 

15 invention into a PGEX-2T vector in order to produce 
said compound through genetic engineering; 

- Fig. 3 is a schematic representation of a NMR 
spectrum of domain 1 of the present invention of 
annexin I showing the aliphatic region; 

20 - Fig. 4 is a graphical representation of 

denaturation of domain 1 of the present invention of 
annexin I with guanidinium chloride; 

- Fig. 5 is a graphical representation of thermal 
denaturation of domain 1 of the present invention of 

25 annexin I; 

- Fig. 6a represents the sequence of annexin I, 
noted as ID No.l sequence, wherein the sequence of 
domain 2 of the present invention has been underlined; 

- Fig. 6b represents the sequence of annexin V, 
30 noted as ID No. 2 sequence, wherein the sequence of 
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domain 1 of the present invention has been underlined; 

- Fig. 6c represents the sequence of annexin III, 
noted as ID No. 3 sequence wherein the sequence of 
domain 2 of the present invention has been underlined; 

- Fig. 6d represents the sequence of annexin IV 
noted as ID No. 4 sequence and ID No. 5 sequence wherein 
the sequences of domains 1 and 2 of the present 
invention have been underlined; 

- Fig. 7 is a schematic representation of the 
structure of construction (I) of the present invention 
bound to a phosphatidylserine molecule demonstrating 
the interactions between the binding functions LI to L6 
of the structure of construction (I) of the invention 
and a phosphatidylserine molecule; 

- Fig. 8 is a schematic representation of 
interactions between the residual ligands of domain 1 
of the present invention of human annexin V illustrated 
in Fig. 6b, and a phosphatidylserine molecule in the 
presence of a calcium atom; 

- Figs. 9A and 9B are photographs of poly- 
acrylamide gels which illustrate the fixing of annexin 
V and of certain of its mutants on membranes consisting 
of phosphatidylcholine and phosphatidylserine (super- 
natant S2 ) . 

Examples 

Example 1: Expression and purification of p eptides with 
ID No.l and ID No. 2 sequences of the presen t invention. 

ID No.l and ID No. 2 sequences of annexins I and V 
were prepared by overexpression in E. Coli according to 
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the same protocol as the one described by F. Cordier- 
Ochsenbein et al. in J. Mol. Biol. 279, 1177-1185. 

The cDNA of these annexins sequences was prepared 
by using PGR from cDNA of the corresponding annexins. 
5 The cDNA was inserted into the pGEX-2T vector (Smith & 
Johnson, 1998). Fig. 2 is a diagram illustrating the 
insertion of cDNA into the vector. Absence of mutations 
induced by PGR was controlled by sequencing. Production 
of the peptide is achieved by using the E. Coli BL21 

10 strain containing the expression vector described 
earlier. After induction by isopropylthiogalacto- 
pyranoside (IPTG, 100 jum) to an optical density of 1 
to 600 nm, growth was continued until a plateau was 
reached, i.e., for about 3 hours. After centrif ugation, 

15 bacteria were resuspended in the lysis buffer 
comprising, 50mM Tris-HGl, pH 8, 10 mM EDTA, 
500 mM NaCl, 5% (v/v) glycerol, 1% (n/v) Triton XlOO, 
ImM dithiothreitol (DTT), 1 mM phenylmethylsulf onyl 
fluoride (PMSF) and 20 pg/ml of aprotinin. 

20 Purification was carried out in the following way: 

after sonication and centrif ugation at 10,000 g, the 
supernatant containing the soluble proteins is 
incubated with glutathion/agarose beads providing the 
bond specific to these beads, of GST domain fusion 

25 protein. After washing with a solution containing 
1 M NaCl, 50 mM Tris-HCl at pH 8, 70 units of thrombine 
per liter of culture medium were added and the sequence 
is eluated. 

The sequence is then purified on a proRPC (trade 
30 name) column of type 16/10, provided by Pharmacia, by 
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using a FPLC system and a linear gradient of Millipore 
(trade name) grade water containing 0.1% (v/v) of 
trif luoracetic acid TFA, and acetonitrile containing 
0.1% of TFA. The flow rate is adjusted to 2.5 ml/mn. 
The sequence is then f reeze-dried. The final yield is 
about 8 mg of sequence per liter of culture medium. 

Example 2i Stability of the ID No.l sequence — of 

annexin I 

Various experiments show that this sequence forms 
a stable folding protein. 

Fig. 3 shows a one-dimensional NMR spectrum of 
the proton of the ID No.l sequence isolated from 
annexin I, in an aqueous solution. Dispersion of 
resonance frequencies and the presence of resonances at 
chemical shifts less than 0 ppm clearly show that this 
sequence is highly structured. Furthermore, the 
chemical shift data of a protons reveal the presence 
of 5 helices in agreement with the crystallographic 
structure . 

Fig. 4 shows the cooperative denaturation of 
domain 1 of annexin I issued from ID No.l sequence, 
with guanidinium chloride, which is a standard 
denaturation agent and Fig. 5 shows the cooperative 
denaturation of the sequence with temperature. 

Analogous data are obtained for the other 
sequences described earlier and they demonstrate that 
certain annexin sequences behave like small proteins of 
normal stability, which may be used directly or as a 
platform for the engineering of novel functional 
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compounds . 

Example 3-1; The essential role of domain 1 of annexin 
V issued from ID No«2 sequence in the binding of 
5 annexin V to the membranes. 

Binding experiments of annexin V to model membrane 
systems as well as kinase c protein (PKC) in vitro and 
cytoplasmic (cPLAj) phospholipase A2 (PLA2) in vivo 
inhibition experiments demonstrate the essential role 

10 played by domain 1 in this bonding to membranes. 

The case of cPLAj inhibition is taken here as an 
example. Inhibition of phospholipasic activity by 
annexin V results from the depletion of the lipid 
substrate common to both of these proteins. Various 

15 mutants of annexin V were constructed in order to 
selectively eliminate in one or several domains the 
calcium bonding capacity, i.e., the phospholipids. The 
mutation consists of replacing the bidentate ligand of 
calcium, Glu or Asp, of a sequence of the present 

20 invention with a non-binding residue, respectively Gin 
or Asn. Twelve mutants were thus constructed and 
purified: Ml, M2, M3, M4, M1M2 , M1M3, M1M4 , M2M3 , 
M1M2M3, M1M2M4, M2M3M4 and M1M2M3M4 , the number 
designating the domain for which the calcium binding 

25 capacity is suppressed. All the results show that the 
phospholipasic activity of cell PLA2, measured by the 
desalting rate of arachidonic acid, strongly depends on 
the presence of the calcium site in domain 1 and to a 
lesser extent in domain 4 . Suppression of calcium sites 

30 in domains 2 and 3 has virtually no effect on the 
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inhibition of phospholipasic activity of CPLA2. (Mira 
et al. J. Biol. Chem. 1997, 272:10474-10482; Dubois et 
al. Biochem. J. 1998, 330:1277-1282). 

The following Table (I) groups together certain 
5 results of this example and shows the percentage of 
reduction in the binding capacity of mutants from 
annexin V to phospholipids as compared with wild 
annexin V. 



Wild 
annexin V 


Ml 


M2 


M3 


M4 


M1M2M3 


M1M2M4 


0 


79±6 


38±4 


47±9 


38±6 


98±1 


85±7 



10 

This table (I) shows the binding of membranes of 
annexin V and of its mutants Ml, M2, M3, M4, M1M2M3 and 
M1M2M4. Results are expressed as a percentage of the 
reduction in binding capacity as compared with wild 
15 annexin V (mean value ± standard error). For mutants 
M123 and M124, the residual binding rate is 
insignificant . 

Example 3-2; Preliminary results concerning the binding 
20 of annexin V and of various mutants to model membranes 
consisting of phosphatidylcholine and phosphatidyl- 
serine 

The following mutants of human annexin V were 
prepared according to the method described in 
25 Example 1: 

M1M2M3M4: The main calcium site corresponding to 
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the AB loop, is suppressed in all the domains by a 
mutation of the bidentate ligand. 

M2M3M4 : The main calcium site of domains 2, 3 
and 4 is suppressed by a mutation of the bidentate 
5 ligand, the one of domain 1 subsists. 

M2M3M4-Arg22Ala-Arg63Ser: Suppression of ligands 
L2 and L3 of the PS site of the present invention. 

M2M3M4-Arg22Ala-Arg63Ser-Lys2 9AlaAsp68lle/Phe/Trp: 
Suppression of all the ligands of the PS site of the 

10 present invention except that those concerning the 
calcium site are preserved. 

The binding capacity of mutants of annexin V to 
PC/PS membranes is then compared with that of the wild 
form according to the following protocol: 

15 A homogeneous mixture of PC/PS in a proportion 

of 80/20 is suspended in solutions containing variable 
calcium concentrations of 0, 30, 100, 1000 p.U. The 
various proteins are then introduced and incubated for 
a few minutes. The suspension is then centrifuged by 

2 0 ultra-centrifugation at 90,000 rpm. The membranes 
settle at the bottom of the tube. The supernatant 
called SI, is entirely picked up for subsequent 
analysis of protein content which will provide 
information on the amount of protein not bound to the 

25 membrane. The membrane sediment is then dispersed in a 
solution containing EDTA in a sufficient amount for 
desalting the proteins, binding of annexin V being 
reversible and dependent on calcium. The suspension is 
again centrifuged and a second supernatant called S2, 

30 is recovered. Protein content analysis of S2 provides 
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information concerning the amount of proteins which are 
fixed to the membrane. 

The analysis of the supernatants is carried out by 
electrophoresis on poly acryl amide gel in a standard way 
5 which does not need to be described herein. 

The appended Figs. 9A and 9B show all the results. 

In this figure: 

Wild: A5 = annexin V 

Mutants : 

1 0 D6 8F=M2M3M4 -Arg2 2Ala-Ar g6 3Ser-Lys2 9Ala-Asp6 8Phe 

D68I=M2M3M4-Arg22Ala-Arg63Ser-Lys29Ala-Asp68lle 

D6 8W=M2M3M4-Arg2 2 Ala-Ar g6 3 Ser-Ly s 2 9Ala-Asp6 8Trp 

1, 2, 3, 4 = calcium concentration 0, 30, 100, 
1,000 jiiM, respectively 
15 T = molecular mass standards. 

Comparison of the behavior of M1M2M3M4 and M2M3M4 
mutants with that of wild annexin V clearly shows that 
virtually the binding to the membranes in presence of 
calcium is exclusively provided by domain 1, i.e., 
20 which contains the claimed PS site. This result 
confirms those given in Example 3-1 above. 

Behavior of mutants M2M3M4-Arg22Ala-Arg63Ser and 
M2M3M4-Arg22Ala-Arg63Ser-Lys29Ala-Asp68Ile/Phe/Trp 
shows that the binding to the membranes is considerably 
25 attenuated when ligands L2, L3, L4 and L5 are 
suppressed. However the bond is not totally suppressed 
to the extent that the LCa5 , Ca ligands which are part 
of the calcium site subsist and still provide a binding 
of PS but with a very reduced affinity; 

30 
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Example 4 ; Use of the chemical structure of the present 
invention 

Three utilization schemes are provided: i) simple 
engineering of the domains in order to meet various 
5 requirements related to their use as research, diagnose 
and therapeutic tools; ii) redesign of the platform 
which forms the topology of the domain into a new 
simpler platform which may be synthetized chemically or 
through genetic engineering; iii) replacement of the 
10 peptide or peptoid platform with a non-peptide organic 
structure for producing a drug, in the three cases, the 
purpose is naturally to preserve, or even improve, 
spatial localization of phospholipid binding functions, 
as described earlier. 

15 

1 ) Annexin domain engineering 

The annexin domains of the present invention form 
peptide platforms- Modification of the domain's 
sequence through mutagenesis is understood under the 

20 term of engineering, in order to improve the general 
stability of the molecule and to adapt it to the 
physico-chemical conditions imposed by its use, to 
improve its affinity for the phospholipid ligand and to 
provide it with a specificity, specific to each 

25 phospholipid. The aim is also to allow for introduction 
of various tracers for different applications which are 
discussed later. Our present knowledge is largely 
sufficient for carrying out such engineering. 

Examples of a change in properties are illustrated 

30 in Example 4. They were obtained through a standard 
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genetic engineering technique with mutation of the 
involved amino acids. 

2 ) Redesign of peptide platforms 
5 Redesign of the platform consists in redefining a 

molecular architecture, while maintaining the 
appropriate topology of the residues involved in the 
binding to calcium or to phospholipids. The redesign is 
important for generating a shorter sequence platform 

10 which may be produced by chemical synthesis. The 
synthesis of a peptide of the size of a domain is 
feasible but remains difficult. However, by reducing 
the number of residues by half, i.e., about 35 
residues, it is currently possible to carry out the 

15 synthesis. In this redesign operation, geometry is 
rather precisely preserved, allowing for interactions 
with phospholipid and notably for positioning of 
residues of the annexin sequence. These residues are 
those shown in bold in Figs. 6a-6d for annexins (I) to 

20 (V). 

This set comprises two basic residues generally 
Arg-x-x-x-Lys , at the end of the A helix of the 
relevant domain and a series of acid, basic and neutral 
residues, generally Arg-x-x-x-x-Asp-x-x-Ser-Asp, 

25 located in the D helix. Study of the molecular 
structure as in Figs . 7 and 8 , shows that these 
residues are perfectly positioned for binding a 
phosphatidylserine molecule. The carboxylate group of 
this lipid is itself bound to the calcium atom in the 

30 AB loop and designated in the following as the "AB 
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calcium site" . 

The sequence : 

Arg-xxx-Lys( helix A) Arg-x-x-x-x-Asp-x-x-Ser-Asp ( helix D) 

5 

associated with that of the AB calcium site, is 
therefore a consensus sequence for the binding of 
phosphatidylserine in the compounds of the present 
invention. As a generalization, this sequence will now 
10 be designated as: 

RL1-X-X-X-RL2 RL3-X-X-X-X-RL4-X-X-RL5-RL6 

wherein RL1-RL6 are the essential residual ligands 
15 in the phosphatidylserine bond shown in bold in the 
sequences of Figs. 6a-6d and indicated in the structure 
compounds (I)-(VI). The consensus sequence of the AB 
calcium site is the succession: 

20 Met-Lys-Gly-x-Gly-Thr Asp( or Glu) 

The calcium ligands are the peptide carboxyl 
groups of the residues in italics (residues of the AB 
loop) in the figure and both oxygen atoms of the 
25 carboxylate group of the side chain of residue Asp (or 
Glu) at the end of the D helix, also named as the 
bidentate ligand. As a generalization, these calcium 
ligands will now be designated as: 

30 RCal-RL2-RCa2-x-RCa3-Thr (RCa4RCa5) or RL6 
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In the case of annexin, RCa4 and RCa5 form a single 
and same residue already identified earlier as RL6 . 

The interatomic distance data between the residual 
ligands are given in the following Table (II) with 
5 reference to appended Fig. 7 and the specific domain- 
calcium-phosphatidylserine interactions are indicated 
in the following Table (III) with reference to the 
appended Fig. 8. 

In Fig. 8, Chi and Ch2 represent the location of 
10 possible carbon chains of the phospholipid. These 
chains may be the ones described, for example 
arachidonic acid. 

According to the invention, the chemical structure 
may be formed in the following way: 
15 a) it includes in particular at least 6 residues, 

so-called residual ligands, named RL1-RL6 and their 
nature is the following: 

RLl = Arg or Lys or Orn 
RL2 = Arg or Lys or Orn 
20 RL3 = Arg or Lys or Orn 

RL4 = Asp or Glu 
RL5 = Ser or Thr or Asp or Glu 
RL6 = Arg or Lys or Orn 

b) The a carbon atoms of residual ligands RL1-RL6 
25 are positioned in space so that the side chains are 

directly accessible to the phospholipids. 

c) The a carbon atoms of residual ligands RL1-RL6 
are positioned according to the following table of 
distances ( II ) : 
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a 

carbon 
atom 


RL2 


RL3 


RL4 


RL5 


RL6 


RLl 


0.45-0.65 


0.7-1.2 


0.7-1.0 


0.85-1. 15 


0.65-0.95 


RL2 




0.5-1.05 


0.8-1.2 


1.2-1.7 


0.9-1.4 


RL3 






0.5-1.08 


1.0-1.3 


1.2-1.7 


RL4 








0.45-0.75 


0.7-1.2 


RL5 










0.4-1.2 



10 



20 



d) The side chains of residual ligands RL1-RL6 may 
establish a network of hydrogen bonds with 
phosphatidylserine according to the diagram where the 
arrows designate at least a hydrogen bond, in 

Fig. 8, in the direction from donor to acceptor and Ll- 
L6 designate the ligands of phosphatidylserine 
according to the following list: 

LI = NZLys or CZArg of RLl 

L2 = NZLys or CZArg of RL2 

L3 = NZLys or CZArg of RL3 

L4 = CGAsp or CDGlu of RL4 

L5 = CB of Ser or Thr or CG of Asp or CD of Glu of 



15 LR5 



L6 = NZLys or CZArg of RL6 

HN = H 

NZ = N zeta 

CZ = C zeta 

OD = O delta 

OG = 0 gamma 

OE = 0 epsilon 



wherein distances between ligands L1-L6 



and 
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phosphatidylserine atoms are given in the following 
table (III): 

Distances nm x 10 





N 


CP 


CY 


01 


02 


03 


04 


CI 


CI 


















Chain 


chain 


















Chi 


Ch2 


Ll 


0.35 - 


0.3 - 


0.25 - 


0.2 


0.25 


0.35 - 


0.2 - 


0.4 - 


0.5 - 




0.65 


0.5 


0.45 


0.35 


0.5 


0.6 


0.35 


0.7 


0.8 


L2 


0.55 - 


0.45 - 


0.45 - 


0.4 


0.2 


0.4 


0.25 - 


0.7 - 


0.7 - 




0.85 


0.75 


0.75 


0.6 


0.4 


0.6 


0.45 


1.1 


1.1 


L3 


0.4 - 


0.4 - 


0.45 - 


0.4 - 


0.2 


0.2 


0.25 - 


0.7 - 


0.6 - 




0.6 


0.6 


0.75 


0.6 


0.4 


0.35 


0.5 


1.1 


1.0 


L4 


0-25 - 


0.3 


0.35 - 


0.55 - 


0.5 


0.4 


0.4 


0.8 - 


0.8 - 




0.45 


0.5 


0.55 


0.85 


0.75 


0.65 


0.6 


1.2 


1.2 


L5 


0.25 - 


0.45 - 


0.5 


0.65 - 


0.65 


0.5 


0.5 


0.8 - 


0.6 - 




0.5 


0.65 


0.75 


0.95 


0.95 


0.8 


0.9 


1.2 


1.0 


L6 


0.3 


0.35 - 


0.3 


0.65 - 


0.7 


0.65 - 


0.5 


0.6 - 


0.8 - 




0.5 


0.55 


0.45 


0.95 


1.0 


0.95 


0.8 


1.0 


1.2 



For ligand Ll, at least two of the five distances 
shown in this table are preferably complied with. 

10 3) Organic platform 

The third step is the final step for obtaining a 
drug which is easily used orally. It consists in 
replacing the peptide platform with an organic 
structure in compliance with the spatial positioning of 

15 the phospholipid ligands. The calcium and phospholipid 
ligands are no longer amino acid residues but chemical 
functions reproducing the interactions described 
earlier. 
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With the organic structures currently used in 
pharmacology, it is possible to build stiff platforms 
capable of having a site for binding the phospholipid, 
according to the invention. These structures may be 
5 formed through conventional chemical techniques known 
to one skilled in the art, for which a reminder is 
unnecessary here. 

Example 5 

10 Very advantageously, use of a structure or 

assembly of the present invention may be made as 
indicated earlier in three directions: research, 
diagnose and therapeutics. 

15 1 ) Research 

For these experiments , it is appropriate to couple 
a structure of the present invention with a labelling 
molecule enabling a detection to be performed. These 
labelling molecules may be the aforementioned ones, for 

20 example the fluorescent molecules, an avidin-biotin 
system, radioelements and generally speaking, those 
currently used. 

2 ) Diagnose 

25 The chemical structures and assemblies of the 

present invention may be used, as indicated earlier, 
for "in vitro" detection of pathologies involving the 
occurrence of negative charges at the surface of cells 
and the release of microvesicles in blood: for example, 

30 coagulation disorders, acute inflammatory pathologies, 
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etc. 

They may also be coupled with short-lived 
radioelements and with "in vivo" detection of the 
localization of thrombotic areas during vascular 
5 accidents of any kind, in particular cerebrovascular 
accidents, through the use of imaging systems. 

They may also be coupled with paramagnetic 
compounds, for example a gadolinium complex, and with 
"in vivo" detection of the localization of thrombotic 
10 areas during vascular accidents of any kind, in 
particular cerebrovascular accidents, by using magnetic 
resonance imaging (MRI). 

The aforementioned couplings may be achieved 
through standard organic chemistry techniques known to 
15 one skilled in the art, for which a reminder is 
unnecessary here. 

3) The drug 

The structures and assemblies of the present 
20 invention may be used as such for producing a drug 
which may be used for a treatment or a prophylaxis 
since they have intrinsic anticoagulant, 

antithrombolytic and anti-inflammatory properties. 

With the assemblies according to the invention, a 
25 cladding of cell surfaces may be achieved, capable of 
blocking access of compounds involved in the primary 
stages of blood coagulation and inflammatory phenomena 
at these surfaces. 

The structures and assemblies of the present 
30 invention may also be used for targeting molecules at a 
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site of the thrombus, of the inflammation, or towards a 
tumor area. 

In this use, the structures and assemblies of the 
present invention are coupled with a molecule which has 
5 a thrombolytic action, with a molecule which has an 
anti-inflammatory action or with a molecule which has 
an ant i- tumor action, respectively. 

The structures and assemblies of the present 
invention may therefore for example be used for 
10 producing a drug which may be used in the treatment and 
prophylaxis of thrombosis. Coupling of these structures 
and assemblies to molecules with thrombolytic action 
allows the latter to be targeted towards the 
thrombogenic areas. Thrombolytic molecules such as 
15 streptokinase, urokinase and plasminogen activators may 
be used. 

Structures and assemblies of the present invention 
may also be used coupled with a molecule having an 
anti-inflammatory action in order to produce a drug 
20 which may for example be used locally or orally in 
acute pathologies like asthma, HRC, Crohn's decease, 
septic shock, collagenosis and arthritis. 

The structures and assemblies of the present 
invention may also be used coupled with a molecule 
25 having an anti-tumor action. This coupling enables the 
latter molecule to be targeted towards the areas 
bearing negative charges such as tumors having 
apoptotic cell centers, inflammatory tumors, etc. 

The structures and assemblies of the present 
30 invention may also be used for producing a cover 
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material for biomaterials likely to be thrombogenic . A 
thrombogenic biomaterial covered in this way loses its 
thrombogenic properties. For example, the thrombogenic 
biomaterial may be a heart valve. 
5 The invention provides the use of a chemical 

structure derived from proteins of the annexin family 
and their isolated, changed or unchanged domains, 
capable of binding reversibly to lipid effectors such 
as phosphatidylserines , phosphatidic acids, phospha- 

10 tidylethanolamines and phosphatidylinosito-phosphates . 
The aim is to provide a set of protein, peptide, 
peptoid and organic compounds, for which the main 
property is specific recognition of the occurrence of 
lipid signals at the surface of cell membranes in 

15 relationship with the normal or pathological 
functioning of tissues. Pathologies especially targeted 
by the invention are: (i) blood coagulation disorders, 
(ii) apoptosis phenomena subsequent to the action of 
chemical compounds, physical effects like ionizing 

20 radiation, biological effects like those related to the 
formation or necrosis of cancerous tissues, in addition 
to the normal phenomena of apoptosis, (iii) acute 
inflammatory pathologies and (iv) disorders associated 
with relationships between the cells and the extra- 

25 cellular matrix and notably with collagen. 

In addition to the complete engineering of entire 
annexins, one of the aspects of the invention is the 
use of annexin covalent modules and domains either 
directly or as a platform for the engineering of 

30 functional peptide compounds. The aim is to use these 
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domains and modules either in their natural form, or 
modified through mutagenetic or chemical routes, to 
transform them into compounds meeting the biological 
criteria discussed in the previous paragraph. 
5 Because of their small size, these domains may 

easily be associated with other proteins either for 
forming multifunctional chimera proteins, or for 
introducing a controlling mechanism by effectors other 
than the signalling phospholipid. Further, the 

10 invention provides redefinition, through protein 
engineering methods, of the specificity of domains for 
the different signalling lipids mentioned above. 

The invention finally provides reconstruction of 
these domains, through a novel design, in order to 

15 transform them into compounds with a more limited size 
and accessible to peptide synthesis and in particular 
to the introduction of non-natural amino acid residues 
with the purpose of increasing the lifetime of these 
compounds in the organism. 
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CLAIMS 



1. A chemical structure with an affinity for a 
phospholipid, consisting of at least a chemical 
platform U, V, W, X, Y, Z including six residues RLl, 
RLi2 , RL3 , RL4 , RL5 , RL6 supporting a set of chemical 
5 functions which may bind to said phospholipid, called, 
LI, L2 , L3, L4, L5 , L6 respectively, wherein these 
chemical functions L define the affinity of said 
structure for said phospholipid, said structure having 
one of the following constructions (I) , (II) and (III) : 



10 



20 



15 




25 



(1) 
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(HI) 

wherein U, U^, u\ V, W, w\ , X, Z are 

independently a natural or non-natural amino-acid, a 
3 0 peptide consisting of natural or non-natural amino- 
acids, a carbon chain, or carbon cyclic group (s), 
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wherein RLl to RL6 are selected from molecules 
having the binding chemical functions Ll to L6, 
respectively, wherein said chemical functions comprise 
either at least a positive charge, donor of a hydrogen 
bond, or at least a negative charge, acceptor of a 
hydrogen bond, and 

wherein U, U^, V, W, W^, W^, X, Y, Z are such 

that RL6 and RLl are distant from 0.65 to 0.95 nm, L6 
and Ll are distant from 0.65 to 0.9 nm, RLl and RL2 are 
distant from 0.45 to 0.65 nm, Ll and L2 are distant 
from 0.4 to 0.55 nm, RL2 and RL3 are distant from 0.5 
to 1.05 nm, L2 and L3 are distant from 0.4 to 0.6 nm, 
RL3 and RL4 are distant from 0.5 to 0.8 nm, L3 and L4 
are distant from 0.35 to 0.5 nm, RL4 and RL5 are 
distant from 0.45 to 0.75 nm, and L4 and L5 are distant 
from 0.4 to 0.55 nm, RL5 and RL6 are distant from 0.4 
to 1.2 nm, L5 and L6 are distant from 0.4 to 0.6 nm. 

2 . The chemical structure with an affinity for a 
phospholipid, consisting of at least a chemical 
platform a, a', b, b', c, d, e, f, g, h, i, j, k, 1 
including 11 residues, LRl, LR2 , LR3 , LR4, LR5 , RL6, 
RCal, RCa2, RCa3 , RCa4 and RCa5 supporting a set of 
chemical functions which may bind to said phospholipid 
called Ll, L2 , L3 , L4 , L5 , L6, respectively, and a set 
of chemical functions binding to a calcium atom called 
LCal, LCa2 , LCa3 , LCa4 , LCa5 , respectively, wherein 
these chemical functions RLl to RCa5 define the 
affinity of said structure for said phospholipid, said 
structure having one of the following constructions 
(IV) , {V) and (VI) : 
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30 
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10 

(VI) 

wherein a, a', b, b', c, d, e, f, g, h, i, j, k, 
1, are independently a natural or non-natural amino 
acid, a peptide consisting of natural or non-natural 

15 amino acids, a carbon chain, or carbon cyclic group (s), 
wherein RLl to RL6 and RCal to RCa5 are selected 
from molecules having chemical binding functions Ll to 
L6 and LCal to LCa5 , respectively, wherein said 
chemical functions Ll to L6 comprise either at least a 

2 0 positively charged donor of a hydrogen bond, or at 
least a negatively charged acceptor of a hydrogen bond, 
said chemical functions LCal to LCa5 comprising an 
oxygen atom, and 

wherein a in the structures of construction (IV) 

2 5 and (V) is such that RL6 and RCaS are distant from 0 
to 0.3 5 nm and such that L6 and LCaS are distant from 0 
to 0.3 nm, b in the structures of construction (IV) and 

(V) is such that RCaS and RCa4 are distant from 0 
to 0.3 5 nm and such that LCa5 and LCa4 are distant 

30 from 0.2 to 0.3 nm, b' in the structure of construction 

(VI) is such that RL6 and RCa4 are distant from 0 
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to 0.35 nm and such that L6 and LCa4 are distant from 0 
to 0.35 nm, c and d are such that RCa4 and RCa3 are 
distant from 0.5 to 0.9 nm, LCa4 and LCa3 are distant 
from 0.2 to 0.4 nm, RCa3 and RCa2 are distant from 0.35 
to 0.6 nm, and LCa3 and LCa2 are distant from 0.22 
to 0.3 nm, e, f, g, in the structures of construction 
(IV), (V), (VI) are such that RLl and RL2 are distant 
from 0.45 to 0.65 nm, RCal to RCa2 are distant from 0.4 
to 0.55 nm, Ll and L2 are distant from 0.4 to 0.55 nm 
and LCal and LCa2 are distant from 0.3 to 0.4 nm, h, i, 
j and k are such that RL2 and RL3 are distant from 0.5 
to 1.05 nm, L2 and L3 are distant from 0.4 to 0.6 nm, 
RL3 and RL4 are distant from 0.5 to 0.8 nm, L3 and L4 
are distant from 0.35 to 0.5 nm, RIj4 and RL5 are 
distant from 0.45 to 0.75 nm, L4 and L5 are distant 
from 0.4 to 0.55 nm, RL5 and RL6 are distant from 0.4 
to 1.2 nm, and L5 and L6 are distant from 0.4 
to 0.6 nm, a' in the structure of construction (VI) is 
such that RL5 and RL6 are distant from 0.4 to 1.2 nm 
and such that L5 and L6 are distant from 0.4 to 0.6 nm, 
and b' in the structure of construction (VI) is such 
that RL6 and RCa4 are distant from 0 to 0.35 nm and 
such that L6 and LCa4 are distant from 0 to 0.35 nm, 
wherein the structure may either be closed or open at a 
and/or at h. 

3. The chemical structure according to claim 1, 
wherein Ll, L2, L3 and L6 each have at least a 
positively charged donor of a hydrogen bond, and L4 and 
L5 each have at least a negatively charged acceptor of 
a hydrogen bond. 



B 13117.3 EE 




5 



10 



20 



25 



30 



44 

English translation of the amended sheets of 
International Preliminary Exajnination Report 



4. The chemical structure according to claim 1, 
wherein U, V, W, X, Y and Z are peptides consisting of 
natural and non-natural amino acids, and RLl to RL6 are 
amino acids selected from a set comprising Lys, Arg, 
Orn, Ser, Thr, Asp and Glu, or analogs of the latter, 
Ll to L6 are the charge -bearing functions of the side 
chains of said amino acids. 

5. The chemical structure according to claim 1, 
wherein RLl , RL2 , RL3 and RL6 are independently 
selected from Arg, Lys, Orn, 

wherein RL4 is independently selected from Asp or 
Glu, and 

wherein RL5 is independently selected from Ser, 
Thr, Asp or Glu, wherein the side chains of these amino 
acids have chemical functions for binding to the 
phospholipids Ll to L6 , respectively. 

6 . The chemical structure according to claim 3 , 
wherein the chemical binding functions Ll to L6 are 
directly accessible to the negatively charged 
pho spho lipid. 

7. The chemical structure according to claim 1, 
further comprising a calcium site where the calcium ion 
complexed by this site is one of the ligands of the 
phospholipid . 

8. The chemical structure according to claim 2, 
wherein a or a', b or b', c, d, e, f, g, h, i, j, k are 
peptides consisting of natural or non-natural amino 
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acids, and RLl to RL6 are amino acids selected from a 
set comprising Lys, Arg, Orn, Ser, Thr, Asp and Glu, or 
analogs of the latter, Ll to L6 and LCal to LCa5 are 
the charge -bearing functions of the side chains of said 
5 amino acids, and RCal to RCaS are natural or non- 
natural amino acids. 

9. The chemical structure according to claim 8, 
wherein the chemical binding functions Ll to L6 and the 

10 positive charges of the calcium atom when it is bound 
to the binding functions LCal to LCa5, are directly 
accessible to the phospholipid. 

10. The chemical structure according to any of 
15 claims 1 to 9 , wherein the platform is a portion of a 

domain of the annexin or of a modified domain of the 
annexin, comprising at least said residual ligands, RLl 
to RL6, having said functions Ll to L6 for binding to 
the phospholipid respectively. 

20 

11. The chemical structure according to claim 10, 
wherein the annexin domain is selected from the 
domain 1 of annexin V shown in Fig. 6b, domain 2 of 
annexin I shown in Fig. 6a, domain 2 of annexin III 

25 shown in Fig. 6c and domain 1 and 2 of annexin IV shown 
in Fig. 6d. 

12. The chemical structure according to claim 11, 
wherein the residual ligands RLl to RL6 respectively 

3 0 are either the residues Arg25, Lys29, Arg63 , Asp68, 
Ser71 and Glu72 of domain 1 of annexin V shown in 
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Fig. 6b or residues Argl24, Lysl2 8, Argl62, Aspl67, 
SerlVO and Aspl71 of domain 2 of annexin I shown in 
Fig. 6a, or residues LyslOO, Lysl04, Lysl38, Aspl43, 
Serl46 and Glul47 of domain 2 of annexin III shown in 
5 Fig. 6c, or residues Arg96, LyslOl, Argl35, Aspl40, 
Serl43 and Aspl44 of domain 2 of annexin IV shown in 
Fig. 6d, or residues Arg24, Lys28, Arg62 , Asp67, Ser70 
and Glu71 of domain 1 of annexin IV shown in Fig. 6d. 

10 13 . A chemical structure with an affinity for a 

phospholipid, characterized in that it comprises a 
molecule with the following formula (VII) : 

RLl -N^-RL2 -M-RL3 -N^ -RL4 -N^ -RL5 -RL6 
15 (VII) 

wherein N""- to each independently represent 1 

to 4, independently selected, natural or non-natural, 
amino acids and wherein M is a peptide consisting of 1 
2 0 to 10 0 natural or non-natural amino acids 

wherein RLl, RL2 , RL3 and RL6 are independently 
selected from Lys, Arg or Orn; RL4 is independently 
selected from Asp or Glu; and RL5 is independently 
selected from Ser, Thr, Asp, or Glu, wherein said 
25 structure is linear or cyclic. 

14. The chemical structure according to claim 13, 

wherein represents three amino acids, represents 

four amino acids, and represents two amino acids. 

30 
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15. The chemical structure according to claim 13 
or 14, wherein M is a peptide consisting of 33 natural 
or non-natural amino acids. 

5 16. The chemical structure according to claim 13, 

wherein the structure of formula (VII) is a peptide 
sequence selected from the peptide sequence from Argl24 
to Aspl71 in the ID No . 1 sequence shown in Fig. 6a, the 
peptide sequence from Arg25 to Glu72 in the ID No . 2 

10 sequence shown in Fig. 6b, the peptide sequence from 
LyslOO to Glul47 in the ID No . 3 sequence shown in 
Fig. 6c, the sequence from Arg2 4 to Glu71 in the 
ID No . 4 sequence shown in Fig. 6d, the sequence from 
Arg96 to Aspl44 in ID No . 5 sequence shown in Fig. 6, or 

15 a modified sequence of these sequences provided that 
RLl, RL2 , RL3 and RL6 are independently selected from 
Lys , Arg, or Orn, RL4 is independently selected from 
Asp or Glu, and RL5 is independently selected from Ser, 
Thr, Asp or Glu. 

20 

17 . A chemical structure with an affinity for a 
phospholipid, characterized in that it comprises at 
least a portion of a peptide sequence selected from 
ID No . 1 sequence shown in Fig. 5a, ID No . 2 sequence 

2 5 shown in Fig. 6b, ID No . 3 sequence shown in Fig. 6c, 

and ID No . 4 and No . 5 sequences shown in Fig. 6d or a 
modified sequence of the latter. 

18. A chemical structure with an affinity for a 

3 0 negatively charged phospholipid, characterized in that 
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it comprises a cyclic peptide sequence of the following 
formula (VIII) : 



Gly-RL1-Phe-RL2-P'-Gly-Tyr-P^-RL3-P^-RL4-Q^-RL5-Trp-RL6 

5 

wherein RLl and RL6 are independently selected 
from Lys, Orn and Arg; RIj2 and RL3 are Arg; RL4 and RL5 
are independently selected from Asp and Glu; 

wherein P^, and are independently selected 

10 from Ser and Thr; wherein Q-'- is selected from Gly and 
Met. 

19 . The chemical structure according to any of 
claims 13 to 17, further comprising a calcium site 

15 where the calcium ion is complexed by this site forms 
one of the ligands of the negatively charged 
pho spho 1 ip id . 

20. The chemical structure according to any of the 
20 preceding claims, said structures having an affinity 

for a phospholipid selected from a pho sphat idyl s er ine , 
a pho sphatidylethanol amine, a phosphatidylinositol , a 
phosphatidic acid, and a cardiolipid. 

25 21. A chemical assembly having an affinity for a 

phospholipid, characterized in that it comprises at 
least two identical or different chemical structures 
defined in claims 1 to 20, said structures being bound. 

3 0 22 . A chemical assembly according to claim 23, 
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wherein at least one of the chemical structures is one 
of the chemical structures defined in claims 13 to 20. 

23 . A method for producing a chemical structure as 
defined in any of the preceding claims 10 to 20, 
characterized in that it comprises steps consisting of 
preparing a cDNA comprising a coding sequence of bases 
for said chemical structure, inserting the cDNA in an 
appropriate expression vector, transforming an 
appropriate host cell for replicating the plasmid and 
producing said structure by translation of said cDNA. 

24. The method according to claim 23, wherein the 
vector is a plasmid. 

25. The method according to claim 23, wherein the 
vector is a pGEX-2T vector. 

26. The method according to claim 23, 24 or 25 
wherein the appropriate host cell is E. Coli . 

27. A use of a chemical structure as defined in 
claims 1 to 2 0 for preparing a drug. 

28. A use of a chemical assembly as defined in 
claims 21 or 22 for preparing a drug. 

29. The use according to claim 27 or 28, wherein 
the drug is selected from a drug for treating a 
thrombosis, a drug for treating a tumor, a drug with an 
anti- inflammatory action. 
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30. A use of a structure as defined in claims 1 to 
19 for producing a material for covering throimbogenic 
biomaterial . 

5 

31. A labelling compound characterized in that it 
comprises a structure as defined in claims 1 to 2 0 
coupled with a labelling molecule. 

10 32 . A labelling compound characterized in that it 

comprises an assembly as defined in claim 21 or 22 
coupled with a labelling molecule. 

33. The compound according to claim 31 or 32, 
15 wherein the labelling molecule is selected from a 

fluorescent molecule, the avidin-biotin complex, a 
radioelement , and a paramagnetic compound. 

34. A diagnose kit comprising a compound according 
2 0 to any of claims 31 to 32. 

35. The diagnose kit according to claim 34, 
further comprising an adequate reagent enabling said 
labelling molecule to be detected. 

25 

36. A kit for analyzing and detecting negative 
charges at the surface of cells, characterized in that 
it comprises a structure according to any of claims 1 
to 20, coupled with a tracer. 

30 
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37. A kit for analyzing and detecting negative 
charges at the surface of cells, characterized in that 
it comprises an assembly according to any of claims 21 
or 22, coupled with a tracer. 

38. A kit for analyzing and detecting 
microvesicles in blood at the surface of cells, 
characterized in that it comprises a structure 
according to any of claims 1 to 20, coupled with a 
tracer . 



39. A kit for analyzing and detecting 
microvesicles in blood at the surface of cells, 
characterized in that it comprises an assembly 
according to any of claims 21 to 22, coupled with a 
tracer . 
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Sequence ID No. 1 



'53 

S 

o 

Q 



Met Ala Met Vgl Ser Glu Phe Leu hys Gin Aid Trp Tie 
1 S IP 

GlM l^sn Glu Glu Gin Glu Tyt Vol Gin Thr Val i,ya Ser £er 

IS 2t> 2S 

Lys Gly Gly Pro Gly Ser fi.La VaL Sar Pro Tvr Pre Thr Phe 

30 3S 4t: 

Asn Pre Sei Ser Asp Val ftLa Ala Leu Els Lys Ala lie Met 

5C- " -5S 

Val Ly^ Gly Val Asp Glu Ala Thr lie lie Asp lift Leu Thr 

65 ''a 

Lvs Arc Asn Asn Ala Gin Axg Cltl Gin lie h^a Ala Ala Tyr 

75 80 
Leu Sir. Glu Tht Gly Lys PEO Lem Aap Glu Thr Leu Lys Lys 
8r, 53 9^ 

Ala Leu Thr Gly His Leu olu Glu VaJ Val Lea Ala Leu L«;u 
100 lOS iiO 

_lvs TtLt PtC ftla Gin ?he Asp A la Asp Glu LcU AJrQ- ftlg ftlft 
115 120 125 

Wet Ly» Glv Leu Gly Th r Aap Glu Aap Thr Leu Ha :^1l: Tie 

Ho 135 140 

Leu Ala Set Arq Thr ksn_ Lys ■::;; lu lie Ary hSfs Il» ftsn Arg 

150 

Val Tyr Arg Glu Glu LcU Lys Alrq ft-sp Leu Ala Lys A»p lie 
15^ iSO 





170 


























Le'v! 


Pila 


Lvs 


Gly 




Arg 


Set 


Glu 


Asp 


E'he 


Gly 


v'al 


Asn 


Glu 






ier> 










150 














Asp 


Leu 


Ala 


Asp 


«er 


Asp 


Al<i 


At Of 


Ala 


Leu 


Tyr 


Glu 


Ala 


"Iv 
















2i0 












Glu Axu 


Ar<; 


Lys 


Gly 


Th- 


Asp 




Asn 


val 


Phe 


Asn 


Thr 


rlc 






























Leu 




ThI 






Tyr 


Pro 


cln 


Lftu 




Arc 


V^l 




Gin 


22C 
























Vrtl 




Lys 




Thr 


L.ys 


Tyr 


Ser 


Lys 






M.et 


Asn 


Lvi 


Lt:^"- 










250 




















Glu 


Leu 


Lys 


■"111 


Asp 


1 le 


Slu 


Lys 


Cys 




Thr 


Ala 




























lie 


Val 


Lys 


Cys 
2BC 


Al* 


Thr 




Lys 


Pre 
285 


Al<ik 






Ala 


Glu 
2&0 


LyH 


Leu 


K.is 


Glri 


Ala 




l.ys 


Gly 


Val 


Gly 




Arg 


His 


Lys 








235 










300 










n)a 


Leu 


lie 


Azg 


lift 


Met 


Uil 


S«rr 


Aiu 


Sec 


CAii 


! le 


Asc- 




305 










210 










315 










Aap 


tie 


Lya 


Alti 


F|-.e 


lyr 
325 


Gin 


Lyr. 




Tyr 


cJy 

23a 


11c 


Jei 


Lftu 


cys 


Glci 


Aid 


11^ 


l-tLl 


Asp 


Glu 


Thr 


Ly?. 


CJly 




Tyi 


Glu 
























345 




Lys 


11* 


Leu 


Vdl 


AlA 




cys 


Gly 


Glv 


A.^n 














25[; 










55 5 
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Sequence ID No. 2 



Met Ala Gin Val Leu Arg Cly Thr Val Thr Asp Phe ?rQ Gly 
1 S 50 

" Ph« ftsp t^j.'^ Arg Ala Asp Ala Glu Thr Leo Arq Ly3 Al» ."^et 
IS 2C 2^ 

<SJj? Lei:, GJy Th£ A*-p Glu Glu Sar He Leu Thr Leu Leu 

T br &er Arg Sar Adrt Ala Gin .Ar g Si p filu lie 3ex Ala Ala 

To ' 5 5 

Phe Lvs Thr Leu Ph« Giy Arg ASP Leu Leu Aap Aajp Leu lys 
*■ GO 6S "70 

a« glp Leu Thr Gly Lyg Phe Glu Lys Leu lie- Val Ala Leu 

- 75 • - 7^ 

Met Lys Pro Sel: Arg Lfta Tyx Asp ALs Tyr Glii Leu Lys His 
I- Id R5 9Q 

Ala Leu Lvs Gly Ala Gly Thx Asn <SIu '^yz Val Leu Thx Glu 

95 ICC lOS 

lie riB Ala Ser Arg Th£ Pro Glu Glu te-j. Arg Ala lie- Lys 

i:a il5 izc- 

Glr Val Tyt Glu GlU Glu Tyr Gly ser Sex Leu Glu Aav> Asp 

125 130 
Val Val Glv AAp Thr 3ar 5-Ly Tvr "^v:^ Glr: Arg Met Leu Val 

Val Leu Leu Glu Aid FiSn Arg Asp ?r-> Asp Alct Gly iLe ftsp 

ISO 1S5 IfO 

Glu Ala Gin VaI GlV- Gin Aap Ala Gin Ala L«'J Pile Gin Ala 

Gly Slu Leu LVs Trp Gly Thr Asp Glu Glu Lys Phe He Thr 

180 1«5 190 

He I'he Gly Thi Atg 5er Val Ser His Leu Ar^ Lys val ?he 

195 200 
AsD Lys Tvi Mer. thr lie Ser Cly Plte GlTi I]& Glu Glu Thr 

2s1-'"> 210 
He Asp Ary Glu Thr Ser Cly Asn L*U G]ii Glr. Leu L«u Le,^ 
215 £2<1 250 

Ala Val Val Lys ??ef IJe Ar^ Ser He Fro Al* Tyr Leu Ala 

?35 2^0 24ii 

nlu Thr Leii Tyr TVt Ma Het Lvs Gly Aid Gly Thr Asp Asp 

?5r. " 260 

His Thr Lou Il« ftr^ VaJ Met Val L5ti Alij ?".<!;• Gl-J: II* A^p 
2 55 2 "5 D 2 .■ 3 

Leu ?h<- ll* Pirg Lys Glu Pht Ax.;j Ly.i Aaii The Ala T]ie 

2S0 235 
Ser Leu Tyt Sejr Het lie Lvs Gly ft-tp "Thr Ser i"ly Anp Tyi 
29C 295 300 

Lys Lys Ala l.eu Leu Leu Leu Hyji Gly Glu Asp Asf; 
305 31D 115 
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Sequence ID No. 3 



c 

*3 

S 
o 
Q 



wet Rl3 SfiT He Trp Val Gly His hrg Sly Thr Val Arg Asp 
1 5 10 

Tyr Pro Asp Phe Scr Pro 5er Val Asp Ala Glu Ala iLe G^n 

IS 20 2^ 

Lys Ala lie Arq 5ly :Le Gly Thr Asp Glu Ly« Met t.eL! I la 

l-c: 35 ^0 

Ser lie Leu Thr Clu Arg Sex Assn Ala Gin Ktq C-In l.ea He 

Val Lys Glu Tyr Gin Ala Ala Tyr (5ly tyH Slu Leu Lys Asp 
GO "0 
Aso Leu Lys Gly Aap LeiJ Ser Gly Kis Phe GlUl Kis Leu Met 

SO 

Val Ala Leo Val Tfti Pro Pro Ala Val Phe A5P Ala Lys Gin 
35 90 95 
Leu liV* Lys J ^et Lv« Gly Ala GTly Thr Aa n Glu Agp Ala 
Too — ICS 110 

Lea He G la He Leu Thr Thr Arg Thr Set Arg GlP rtet _L^'s 

" — ::!3 



115 



120 



ASP He S^- Hn Ala TVl Tyr thr Val Tyr Lys Ly* Sar Leii 

— t ^ ^~TaG Tflc: 

■5ly hR^ Aap He Sez S^r giM Thr Ser Sly g'.sp Phe Arg Lys 
— 145 ISO 

Ala L^u Leu Thr Leu Ala Aag gly Arg Ara Asp Glv. ser leu 

LVi Vai Asp Gl'j. His LcU Ala Lys Sir. Asp Aia 5lr He Leu 

nr J75 
Tvr Lva Ma Gly £^lu Asn Alg Tr-O Gly Thr Asp olu ftsp Lys 

lR!i l^b 
Oh" Thr Gl.: He Leu Cva Leu Aty 5er Phe Pr:; Gin L*U Ly."! 

Leu Thr ?htf Asp Glu Tyr Arg Aan He Sez Gin Ly* Aaf- 

215 22r. 

Val Asp ser He Lys Glv Glu Lea Ser Gly His Ft".* C-lu Asp 
225 230 235 

Leu Leu Leu Ala He Val A.-in Cys Val Ary Asn Thr Pro .=iltt 

Z<0 245 tSiO 

Phe Lea Ma Slu Aru L«U Kia Arg .tila L«y Ly.'s Gly --t Gly 

Thr ASP <5lu Phe Thr Lev. ASD Arg He Me-t Val 5er Arg Sci 
;-;r> :!B0 2S5 

;:iL He A3P Leu Le j. Asp Il«: ^,rg Thr GI^ Fhe :.ys Lys Hist 

Tyr ClV Tyr ser Leu Tyt Dfir ^-"^a lie Lys 5#if Asp Thr 

Glv Ar^Tj. Twi: :;lx: Ht T::x Le-Ji Leu Lyj- He Cy.-3 =lv v^-V Abj^ Ai^i 

31 1 ^ :-2n ^2f. 
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I Sequence ID No. 4 / 

Met Mi Thr Li^ft Giy 21y Thr Val Lys Ale. Ma Ser Gly E'hi 
1 5 10 



Aan 


AlA 


H*t Slu Aap Ma Sin 


Thr 


Leu 






Ala 




Lya 


15 
GJy 


Leu 


20 

G2v Thr Aap GlU Aap 


Ala 


:ie 


lie 


25 


Val 


Leu 


AlA 


Tyr 


3Q 
k£g 


35 

Aar. Thr Ala Gin Arq 


Gin 


Glu 


i:* 


Arg 


40 
Thl: 




Tys 


Lys 


S«r 


45 

Thi lie Giv "-^P 


50 
Leu 


11* 


Asp 


^-P 




55 
LY» 








60 




















Ser Glv A»n ^he Clu 


Gin 




rie 






Mt^ 








75 






30 











95 



Sequence ID No. 5 

Pr-u Ttij Vdl Leu Tyt ftap Val Glu :.e'-L Slri Arq Ly:i 

1 SS 90 

i Ala .'^er Lyg giV ftJa gJy Thr Aa p Glu -Gly Cys Lou lie Glu 
] 100 135 iiv 

a Jltf Lgu Aid, St:r AKj Thr FiO Glu Slu riti^ Arg Ar q He Asn 

•« 115 12n 125 

S sin Thl Tyr G^ti Lcls Sin Tyr Cly Arg ^.i^^ir l.*'J nlu Asp Aag 

Q 130 13^ 14^ 



L 



lie 


Ar-y 




Asp 


Thr 


5eE 




Me'. 


Fhe 




Arg 


VllI 


Leu 


Val 










145 










150 










Hsr 


Lei^ 


Set 


Ala 


c^lv 


Gly 


Arg 


ASTJ 


Glu 


Cly 




Tyj- 


L«u 


A.af.- 












len 










175 








Asp 


Ala 




Vol 


Atg 




As^ 


Alti 


C-1:. 


Aiif 




Tyr 


Glu 


Ala 




175 








1 ac 
















Sly 


Glu 




Lys 


Tip 




Thl 


Asp 


Glu 


Veil 


LVfl- 




^eu 


TfiL 




19C 










1 95 










? fifi 




Val 


Leu 


3ys. 


2C5 




ftsr. 


Are 


As ri 


\IL^ 
210 


Leu 




n 


Val 


?ho 

2:1 5 


Asp 


Glu 


TyL 


Ly? 


Ar^j 


Ill: 


iitti: 


Gill 




A.^fi 
225 


Tlt- 




Glr- 


Ctrl 




LviS 




ni'.j 


Tlij- 




Gly 










Ala 


luu 


Leu 


?.30 




























Ala 


Ilr 




l.yn 


"ys 




Ai-u 


A^!l. 








Tyi 




M.-> 












253 










255 






Glu 


Ly n 




TV'i 


Lvs 






Lyr, 


r»l y 


I.UU 


::ly 


Till 


A.TJ. 
























27C- 




Asn 


ThL 






At u 


Val 


MtL 






J\s y 


Mo 




: Ir 


An[. 


























2E5 


Me'. 


Lr-'J 


^ 






AjLj 




rill- 








Tyj 


- J" 


CiV « 


3c;i 










11^- 


Ly:: 


^ 1 1 1 

'"•J 






Her 


Gly 


Ai.f. 


Tyr 


3jC 










305 


















At g 




v.-» 1 


C.eU 




Viil 


Lr u 




V 


G] y 


ASM 


Ar-[. 








315 










320 










325 
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WE (I) the undersigned inventor(s), hereby declare(s) that : 

My residence, post office address and citizenship are as stated below next to my name, 

We (I) believe that we are (I am) the original, first, and joint (sole) inventor(s) of the subject matter which is claimed and 
for which a patent is sought on the invention entitled 

CHEMICAL STRUCTURE HAVING AN AFFINITY FOR A PHOSPHOLIPID AND LABELLING COMPOUND , 
DIAGNOSE KIT, AND DRUG COMPRISING THIS STRUCTURE 



Ihe specification of which 



I I is attached hereto. 
I I was filed on 

as Application Serial No. 

and amended on 
^ was filed as PCT international application 



We (I) hereby state that we (I) have reviewed and understand the contents of the above-identified specification, including 
the claims, as amended by any amendment referred to above. 

We (I) acknowledge the duty to disclose information known to be material to the patentability of this application as defined 
in Section 1.56 of Title 37 Code of Federal Regulations. 

We (I) hereby claim foreign priority benefits under 35 U.S.C. § 119 (a)-(d) or § 365 (b) of any foreign application(s) for 
patent or inventor's certificate, or § 365 (a) of any PCT International application which designated at least one country other 
than the United States, listed below and have also identified below, by checking the box, any foreign application for patent or 
inventor's certificate, or PCT International application having a filing date before that of the application on which priority is 
claimed. Prior Foreign Application (s) 



Number PCT/FR99/02329 



on September 30, 1999 



and was amended under PCT Article 19 



on November 27, 2000 



Application No. 



Country 



Day/monthA^ear 



Priority 
Claimed 



98 12366 



FRANCE 



02 October 1998 



iEl YES 

□ YES 

□ yes 

□ yes 



□ NO 

□ NO 

□ NO 

□ NO 
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We (I) hereby claim the benefit under Title 35, United States Code, § 119 (e) of any United States provisional 
application(s) listed below. 



(Application Number) 



(Filing Date) 



(Application Number) 



(Filing Date) 



We (I) hereby claim the benefit under 35 U.S.C. §120 of any United States application(s), or § 365(c) of any PCX 
International application designating the United States, listed below and, insofar as the subject matter of each of the claims of 
this application is not disclosed in the prior United States or PCT International application in the manner provided by the first 
paragraph of 35 U.S.C. § 112, 1 acknowledge the duty to disclose information which is material to patentability as defined in 
37 CFR § 1.56 which became available between the filing date of prior application and the national or PCT International filing 
date of this application. 



Application Serial No. 



Filing Date 



Status (pending, patented, 
abandoned) 




i;;; And we (I) hereby appoint : Norman F. Obion, Registration Number 24.61 8- Marvin J. Spivak, Registration Number 
IM^^ C, Irvin McClelland, Registration Number Gregory L Maier, Registration Number _25»5a&; Arthur I. 

: ffeustadt, Registration Number_24,S51; Richard D. Kelly, Registration Numbex.22s257; James D. Hamilton, Registration 
' >iumljeii2S421; Eckhard H. Kuesters, Registration Number_28j87Q; Robert T. Pous, Registration Number29j022; Charles 
^L. Gholz, Registration Numbex_26^5; William E. Beaumont, Registration Number ^ 30,99 ^ Jean-Paul Lavalleye, 



Registration Num ber 31,451; Stephen G. Baxter, Registration Numbeir_32j8S4; Richard L. Treanor, Registration Number 
36.379; Steven P. Weihrouch, Registration Numb er 32,S2 9; John T. Soolkasian, Registration Numbe r 26,14 2; Richard L. 
p^hinn. Registration Number 3 4305 : Steven E. Lipman, Registration Num b.er 30,01 1; Carl E. Schlier, Registration Number 
34,426 ; James J. Kulbaski, Registration Number,24jMS; Richard A. Neifeld, Registration Number 35,299; J. Derek Mason, 
llegistration Numbe r 35.2 20; Surinder Sachar, Registration Number ^4-473: Christina M. Gadiano7"Registration Number 
7,628 ; Jeffrey B. Mclntyre, Registration Numbe r 36,867 : William T. Enos, Registration Ntunber 33,128; Michael E. 
McKabe Jr., Registration Number__37J825 Bradley D. Lytle, Registration Numbe r 40.073 and Michael R. Casey 
Registration Num ber 40,294 ; our (my) attorneys, with full powers of substitution and revocation, to prosecute this 



application and to transact all business in the Patent Office connected therewith; and we (I) hereby request that all 
correspondence regarding this application be sent to the firm of QBLQN», SPIVAK, McCLELLAND MAIEB- & 
NEUSTADT . P.C., whose post Office Address is : Fourth Floor, 1755 _Jeffa sor rDavis~Tligh wav. Arlington, Virginia 

22202. " 

We (I) declare that all statements made herein of our (my) own knowledge are true and that all statements made on 
information and belief are believed to be true ; and further that these statements were made with the knowledge that willful 
false statements and the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such wilful false statements may jeopardise the validity of the application or any patent issuing 
thereon. 




SANSON Alain 



Residence : 



NAME OF FIRST SOLE INVENTOR 




Signature arlnventor 




54 ^^D ^ fsn^T j-tj^ fi/rr£L pMJi 

Citizen of : p ^.Jkl^C iF 

Post Office Address : The same as residence 



Date 



A pril 12, 2001 
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RUSSQ-MARIE Francoise 



NAME OF SECOND INVENTOR 
Signature of Inventor^ 

A pril 1?. ?nm 

Date 



NEUMANN Jean-Michel 



J NAME OF THIRD INVENTOR 




jJ^jjgSgfiamre of Inventor 

A pril 12, 2001 



Date 



Residence : (OS' ^<\jiiOj£'U^ 
FRANCE 



Citizen of : 



Post Office Address : The same as residence 



Residence : 



FRANCE 



Citizen of : 



Post Office Address : The same as residence 



[Kr "CORDIE_R-OC HSgJBEIN R^ngoise ^ 



NAME OF FOURTH INVENTOR 




Signature of Inventor 
April 12, 2001 



Residence : A2^.r\uJL. ^ej. fa-bjLn>acL 

FRANCE —Zj^^Y 

Citizen of : F ft^NTCgi 



Post Office Address : The same as residence 



IS 



Date 



^giJEROIS Raphael ^ 



NAME OF FIFTH INVENTOR 




Signature of Inventor 

April 12, 2001 

Date 



Residence 



^ ... 



Citizen of : 



Post Office Address : The same as residence 



SEQUENCE LISTING 



<110> SANSON, ALAIN 

RUSSO-MARIE, FRANCOISE 
NEUMANN, JEAN -MICHEL 
CORDIER-OCHSENBEIN, FRANCOISE 
GUERO I S , RAPHAEL 

<120> CHEMICAL STRUCTURE HAVING AN AFFINITY FOR A PHOSPHOLIPID AND LABELLING 
COMPOUND, DIAGNOSIS KIT, AND DRUG COMPRISING THIS STRUCTURE 

<130> 205399US-0-XPCT 

<140> US 09/787,923 
<141> 2001-04-02 

<150> FR 98/12366 
<151> 1998-10-02 

<150> PCT/FR99/02329 
<151> 1999-09-30 

<160> 5 

<170> Patentin version 3.1 

<210> 1 

<211> 346 

<212> PRT 

<213> Homo sapiens 

<400> 1 

Met Ala Met Val Ser Glu Phe Leu Lys Gin Ala Trp Phe lie Glu Asn 
15 10 15 



Glu Glu Gin Glu Tyr Val Gin Thr Val Lys Ser Ser Lys Gly Gly Pro 



20 



25 



30 



Gly 



Ser Ala Val Ser Pro Tyr Pro Thr Phe Asn Pro Ser Ser Asp Val 
35 40 45 



Ala 



Ala Leu His Lys Ala He Met Val Lys Gly Val Asp Glu Ala Thr 
50 55 60 



He 
65 



He Asp He Leu Thr Lys Arg Asn Asn Ala Gin Arg Gin Gin He 
70 75 80 



Lys 



Ala Ala Tyr Leu Gin Glu Thr Gly Lys Pro Leu Asp Glu Thr Leu 
85 90 95 



1 



Lys Lys Ala Leu Thr Gly His Leu Glu Glu Val Val Leu Ala Leu Leu 
100 105 110 



Lys Thr Pro Ala Gin Phe Asp Ala Asp Glu Leu Arg Ala Ala Met Lys 
115 120 125 



Gly Leu Gly Thr Asp Glu Asp Thr Leu lie Glu lie Leu Ala Ser Arg 
130 135 140 



Thr Asn Lys Glu lie Arg Asp lie Asn Arg Val Tyr Arg Glu Glu Leu 
145 150 155 160 



Lys Arg Asp Leu Ala Lys Asp lie Thr Ser Asp Thr Ser Gly Asp Phe 
165 170 175 



Arg Asn. Ala Leu Leu Ser Leu Ala Lys Gly Asp Arg Ser Glu Asp Phe 
180 185 190 



Gly Val Asn Glu Asp Leu Ala Asp Ser Asp Ala Arg Ala Leu Tyr Glu 
195 200 205 



Ala Gly Glu Arg Arg Lys Gly Thr Asp Val Asn Val Phe Asn Thr lie 
210 215 220 



Leu Thr Thr Arg Ser Tyr Pro Gin Leu Arg Arg Val Phe Gin Lys Tyr 
225 230 235 240 



Thr Lys Tyr Ser Lys His Asp Met Asn Lys Val Leu Asp Leu Glu Leu 
245 250 255 



Lys Gly Asp lie Glu Lys Cys Leu Thr Ala lie Val Lys Cys Ala Thr 
260 265 270 



Ser Lys Pro Ala Phe Phe Ala Glu Lys Leu His Gin Ala Met Lys Gly 
275 280 285 



Val Gly Thr Arg His Lys Ala Leu lie Arg lie Met Val Ser Arg Ser 
290 295 300 



Glu Tie Asp Met Asn Asp lie Lys Ala Phe Tyr Gin Lys Met Tyr Gly 
305 310 315 320 



lie Ser Leu Cys Gin Ala lie Leu Asp Glu Thr Lys Gly Asp Tyr Glu 



2 



325 330 335 



Lys He Leu Val Ala Leu Cys Gly Gly Asn 
340 345 



<210> 2 

<211> 320 

<212> PRT 

<213> Homo sapiens 

<400> 2 

Met Ala Gin Val Leu Arg Gly Thr Val Thr Asp Phe Pro Gly Phe Asp 
15 10 15 



Glu Arg Ala Asp Ala Glu Thr Leu Arg Lys Ala Met Lys Gly Leu Gly 
20 25 30 



Thr Asp Glu Glu Ser He Leu Thr Leu Leu Thr Ser Arg Ser Asn Ala 
35 40 45 



Gin Arg Gin Glu He Ser Ala Ala Phe Lys Thr Leu Phe Gly Arg Asp 
50 55 60 



Leu Leu Asp Asp Leu Lys Ser Glu Leu Thr Gly Lys Phe Glu Lys Leu 
65 70 75 80 



He Val Ala Leu Met Lys Pro Ser Arg Leu Tyr Asp Ala Tyr Glu Leu 
85 90 95 



Lys His Ala Leu Lys Gly Ala Gly Thr Asn Glu Lys Val Leu Thr Glu 
100 105 110 



He He Ala Ser Arg Thr Pro Glu Glu Leu Arg Ala lie Lys Gin Val 
115 120 125 



Tyr Glu Glu Glu Tyr Gly Ser Ser Leu Glu Asp Asp Val Val Gly Asp 
130 135 140 



Thr Ser Gly Tyr Tyr Gin Arg Met Leu Val Val Leu Leu Gin Ala Asn 
145 150 155 160 



Arg Asp Pro Asp Ala Gly He Asp Glu Ala Gin Val Glu Gin Asp Ala 
165 170 175 



3 



Gin Ala Leu Phe Gin Ala Gly Glu Leu Lys Trp Gly Thr Asp Glu Glu 
180 185 190 



Lys Phe lie Thr lie Phe Gly Thr Arg Ser Val Ser His Leu Arg Lys 
195 200 205 



Val Phe Asp Lys Tyr Met Thr lie Ser Gly Phe Gin lie Glu Glu Thr 
210 215 220 



lie Asp Arg Glu Thr Ser Gly Asn Leu Glu Gin Leu Leu Leu Ala Val 
225 230 235 240 



Val Lys Ser lie Arg Ser lie Pro Ala Tyr Leu Ala Glu Thr Leu Tyr 
245 250 255 



Tyr Ala Met Lys Gly Ala Gly Thr Asp Asp His Thr Leu lie Arg Val 
260 265 270 



Met Val Ser Arg Ser Glu lie Asp Leu Phe Asn lie Arg Lys Glu Phe 
275 280 285 



Arg Lys Asn Phe Ala Thr Ser Leu Tyr Ser Met lie Lys Gly Asp Thr 
290 295 300 



Ser Gly Asp Tyr Lys Lys Ala Leu Leu Leu Leu Cys Gly Glu Asp Asp 
305 310 315 320 



<210> 3 

<211> 323 

<212> PRT 

<213> Homo sapiens 

<400> 3 

Met Ala Ser lie Trp Val Gly His Arg Gly Thr Val Arg Asp Tyr Pro 
15 10 15 



Asp Phe Ser Pro Ser Val Asp Ala Glu Ala lie Gin Lys Ala lie Arg 
20 25 30 



Gly He Gly Thr Asp Glu Lys Met Leu He Ser He Leu Thr Glu Arg 
35 40 45 



Ser Asn Ala Gin Arg Gin Leu He Val Lys Glu Tyr Gin Ala Ala Tyr 
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50 55 60 



Gly Lys Glu Leu Lys Asp Asp Leu Lys Gly Asp Leu Ser Gly His Phe 
65 70 75 80 



Glu His Leu Met Val Ala Leu Val Thr Pro Pro Ala Val Phe Asp Ala 
85 90 95 



Lys Gin Leu Lys Lys Ser Met Lys Gly Ala Gly Thr Asn Glu Asp Ala 
100 105 110 



Leu lie Glu lie Leu Thr Thr Arg Thr Ser Arg Gin Met Lys Asp lie 
115 120 125 



Ser Gin Ala Tyr Tyr Thr Val Tyr Lys Lys Ser Leu Gly Asp Asp lie 
130 135 140 



Ser Ser Glu Thr Ser Gly Asp Phe Arg Lys Ala Leu Leu Thr Leu Ala 
145 150 155 160 



Asp Gly Arg Arg Asp Glu Ser Leu Lys Val Asp Glu His Leu Ala Lys 
165 170 175 



Gin Asp Ala Gin lie Leu Tyr Lys Ala Gly Glu Asn Arg Trp Gly Thr 
180 185 190 



Asp Glu Asp Lys Phe Thr Glu lie Leu Cys Leu Arg Ser Phe Pro Gin 
195 200 205 



Leu Lys Leu Thr Phe Asp Glu Tyr Arg Asn lie Ser Gin Lys Asp lie 
210 215 220 



Val Asp Ser lie Lys Gly Glu Leu Ser Gly His Phe Glu Asp Leu Leu 
225 230 235 240 



Leu Ala lie Val Asn Cys Val Arg Asn Thr Pro Ala Phe Leu Ala Glu 
245 250 255 



Arg Leu His Arg Ala Leu Lys Gly lie Gly Thr Asp Glu Phe Thr Leu 
260 2S5 270 



Asn Arg lie Met Val Ser Arg Ser Glu lie Asp Leu Leu Asp lie Arg 
275 280 285 
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Thr Glu Phe Lys Lys His Tyr Gly Tyr Ser Leu Tyr Ser Ala lie Lys 
290 295 300 



Ser Asp Thr Ser Gly Asp Tyr Glu lie Thr Leu Leu Lys lie Cys Gly 
305 310 315 320 



Gly Asp Asp 



<210> 4 

<211> 85 

<212> PRT 

<213> Homo sapiens 

<400> 4 

Met Ala Thr Lys Gly Gly Thr Val Lys Ala Ala Ser Gly Phe Asn Ala 
15 10 15 



Met Glu Asp Ala Gin Thr Leu Arg Lys Ala Met Lys Gly Leu Gly Thr 
20 25 30 



Asp Glu Asp Ala lie lie Ser Val Leu Ala Tyr Arg Asn Thr Ala Gin 
35 40 45 



Arg Gin Glu lie Arg Thr Ala Tyr Lys Ser Thr lie Gly Arg Asp Leu 
50 55 60 



lie Asp Asp Leu Lys Ser Glu Leu Ser Gly Asn Phe Glu Gin Val lie 
65 70 75 80 



Val Gly Met Met Thr 
85 



<210> 5 

<211> 235 

<212> PRT 

<213> Homo sapiens 

<400> 5 

Pro Thr Val Leu Tyr Asp Val Gin Glu Leu Gin Arg Lys Ala Met Lys 
15 10 15 



Gly Ala Gly Thr Asp Glu Gly Cys Leu lie Glu lie Leu Ala Ser Arg 
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20 



25 



30 



Thr Pro Glu Glu He Arg Arg He Asn Gin Thr Tyr Gin Leu Gin Tyr 
35 40 45 



Gly Arg Ser Leu Glu Asp Asp He Arg Ser Asp Thr Ser Phe Met Phe 
50 55 60 



Gin Arg Val Leu Val Ser Leu Ser Ala Gly Gly Arg Asp Glu Gly Asn 
65 70 75 80 



Tyr Leu Asp Asp Ala Leu Val Arg Gin Asp Ala Gin Asp Leu Tyr Glu 
85 90 95 



Ala Gly Glu Lys Lys Trp Gly Thr Asp Glu Val Lys Phe Leu Thr Val 
100 105 110 



Leu Cys Ser Arg Asn Arg Asn His Leu Leu His Val Phe Asp Glu Tyr 
lis 120 125 



Lys Arg He Ser Gin Lys Asp He Glu Gin Ser He Lys Ser Glu Thr 
130 135 140 



Ser Gly Ser Phe Glu Asp Ala Leu Leu Ala He Val Lys Cys Met Arg 
145 150 155 160 



Asn Lys Ser Ala Tyr Phe Ala Glu Lys Leu Tyr Lys Ser Met Lys Gly 
165 IVO 175 



Leu Gly Thr Asp Asp Asn Thr Leu He Arg Val Met Val Ser Arg Ala 
180 185 190 



Glu He Asp Met Leu Asp He Arg Ala His Phe Lys Arg Leu Tyr Gly 
195 200 205 



Lys Ser Leu Tyr Ser Phe He Lys Gly Asp Thr Ser Gly Asp Tyr Arg 
210 215 220 



Lys Val Leu Leu Val Leu Cys Gly Gly Asp Asp 
225 230 235 
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